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To develop a coherent description of the knowledge
and processes involved in -skillful word recognition, a study was
devised in which 16 adults participated in four related experiments. -
The purpose of the first experiment was to examine some basic aspects
of the, processing of words, pseudouords, and nonwords and to discover
basic differences in processing that might underlie the word
advantage (the relative percertibility of wotds, compared to that of
nonwords). The second experiment assessed the contribution of .
vhole-word and letter cluster cues to the word advantage. The other
two experiments focused on whether the word advantage can be wholly
explained in terms of Tresponse bias .or sophisticated guessing. The
‘study yielded these results: the word advantage is mediated by
perceptual processes: in terms of basic information processing, the
processing of words and nonwords appears to be quite similar; and
althcugh identity and positional information are exctracted by
separate mechanisms, they exhibit a mutual dependence. The results
are compatible with a criterion~bias model that attributes the word
advantage to the relationship among single letters and lexical units
in memory. (A bibliography and appropriate tablés are appended.)
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Abstract
Major h&pﬁthgses about the processes involved in .word recognition ;ﬁe '
revieweqtpnd then assessed througﬁ four experimengs.. The purpose of the,fi;st
experiment was to 2axamine some basic aspects of the procesgiﬁg of‘uords,\&
. pseudowords, and nonvords, and beyond that, to discover basic differences 1in
their processing 'that-‘might underlie the word advantage. The second ~
e;rperiment was desi;ned to assess the ;:ontribution of uhole‘-wordl"and lettér

.

cluster cues to ‘the word advantage. Finally, Experiments III and IV were

focused on the questién of uhétﬁer the word advantage can be wholly explained

in terms _of reasponse .bias or sophisticated guessing. Taken together, the
results of these experiments were most compatidle with crite;ion«bias models,:

A version of thé criterion bias model is suggested wherein the word advantage

@

is attributed t> interfacilitation among single letter and lexical units in

memory.’




Models of Word Recognition

E

—

+The most fundamental, most studied, and yet most controversial issue 1In

the field of reading is that of hew written words are recognized. Although

€

many plausible explanations have been proposed, each has its shortcomings.

This paper begins with a review of the major classes of hypotheses about the
h d . r
word recognition process., Then four experiments are described which were

intended té evaluate specifie aspects' of those hypotheses, Finélly, the
¢, results are drawn together in an effort to develop a more complete mecdel of
ﬁhe word recognition process.

: .

The most common hypothesis about the recogmition of words has been that
. ' \

it begins with the recognition of their_ component letters. *Perhaps the -

strongest argument for this hypotpesfs is the very fact that our language is

3

alphabetic. . This property allows for great many words to be represented by
ordered 3PP5¥3'0f a few basic symbols. However, unless letters correspond to

perceptual units? the resulting economy is only academic, not psychological,

»

and it is pot at ai} clear that the recognition of words does depend 'on the

prior recognition of their component letters. P

L

. Experimental studies have shown that: short words can be read aloud as

w
v

quickly as single letters (Cattell, 1885b, 1886aj ‘Kolers, 1970; but see Gough,
1972); from'single, brief eiposure?;ﬁpeople‘;an typically report about fou;
Iunrelated letters, bﬁt several werds (Catteil, 1885a); at very brie? exposure
durations, recognition aé;;racy is poorer for single, 1301;?95 '1etter§ than
for letters embedded in frequent words (Johnston & McClelland, 19?#; Reicher,
1969; 'Hheeler, 1@75); in target search taskg, words can be recognized faster

Y . Lo ey .
-than letters within words (Johnson, 1975; Slcboda, 1976); and finally, under

n
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brief exposure conditions, people often claim to have ﬂaeen" a word completely

. and clearly, even when one or two of its letters has been 6mitted, substituted

[-]

_or mutilated (Pﬁlisbury, 1897)." Although some, if not all, of these effects
are amenable to alternate interpretations, taken together they suggest that

the recognition of a word does not depend on the prior encoding of its

\P"‘\

component letters--or at least not exclusively. ,-.ff .

B

ﬁhgle_!gmiJhummheaea .

. -E‘;f!"fec'ts like those described above are consiatent with the hypothesis
_that whole worﬂs, rather than their conQOnent letters, correspond to the units
of percept.ion in reading. WHuch of t.he reading research oonduct.ed around t.he‘ ’
‘turn of the century was Qirected towards discovering the aspects of words’% \
shapes that cue their identities (see Woodworth [1938]djag a critical review),

and such efforts seem to be returning to vogue {(e.g. Heper & Haber, 1977;
McClélland, 1977). Nevertheless it aeeﬁé unlikely that ubpelshapes are the
sole basis for word recpgnition, whether or not they eontribute. We can
recbgnize words in an innunierable varie% of typestyles and seriptst does t.his

mean that a given word has as many internal representations? Depending on-

the goodness-of-fjt required for uor'd recognit.ion, the necessary number ‘of

internal models uould approach infinity. - Lo
This problem of pé'tt.err recognition exists regardless of the unit 3f
vieual 'analysis. Just 1like ﬁords, siﬁgle letters and literal feateres must* .
retain their identities across an infinite number of variations in shape and
size, The implication is ughat,_ Whatever the unit of visual analysis, 3t3
interpretat{pn must be conditional on its graphic environment. -Tﬁe advantage~

8f 7 the smaller units 1is, then, not that they would eliminate the pattern

L]

»

recognition problem, but that they would make it moré tractable. Written

-'II"‘,
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English consists of tens of thousands of words, 26 letters, and perhaps a few

as five literal featureés. Therefore, for -purposes of disambiguation, it must
be far more informative per unit at the le;el of literal features cr letters
than at the level of words. Interestingly, this argument suggests its own
hedge: the wuaits of visual analyaie and the units of perception need not be :
the same; while the former could corresp?nd to’ the elements into which the

) input is initially parsed, the latter “could - corcespond to the sets of those
elementa which must be considered conj01nt1y‘to admit interpretation.‘
. The strongest empirical objection to whole-word hypotheses is. that they
define a strict dicnotomy between the ease of.pnocessiné, fgmiliar wonds and
unfamiliar graphemic strings. In contrast, it has been nepeatedly'
dennnstratedﬁthat nonwords that conform to the orthographic rules of Engiisn,

R - k-]

or so-celled ngguggﬂg:gé, can be.recognized more quickly anﬁ accurately than
strings of unrelated letters, all-else being eqnal (e.g. Gibson, Pick, Osser &
Hemmonq"1962; Miller, Bruner & Postman, 1954; Mewhort, 1974), Moreover,
there 1s some evidence that recognition is no easier for familiar ﬁhras than
for. pseudowords (Baron & Thurstone, 1973; but see Henelis, 1974)., ‘While the
relative ‘ease of recognizing wonds and psgudowords suggests that theuprocgss
uses information that is smaller than a wond, the relative ease of recognizing

pseudowords ?nd random strings of letters =suggests that the process uses

inforﬁation tnat is bigger than single letters.

Letter Cluster Hypotféses

Applying ‘Occam’s razor, one might hypothesize that the proper unit of

.

perceptual analysis in word identification consists of "groups of letters.

¥

Adopting this compromise, Gibson, Pick, Osser, and Hammond (3962) suggested

that reading depends on the decoding of spelling patterns. A spelling

“5"'"\
G
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ugéttern was defined as any "letter group which has an invariant relationshiﬁ
uithla phonemic pattern” (p. 30). In terms of explanatory power, the spelling
pattern approéch is superior :éo‘%bhth the lebter-bQJiebter and whole-word’
. theories ‘of readiné as it csimultaneousiy exp}bits the grapheme-to-phoneme

correspondence of English and predicts that processing should become easier as

orthographic regularity increases.

However, Smith and Spoehr (1974} have pointed out that the spelling

L} -
“pattern approach introduces a paradox of its own. That is, if word

recognition depends on matching the appropriate parts .of a visual input
against internal spelling pattern units, there must be some means of first

" parsing the ingyt'into the proper wunits of comparison. If the wunits of

. —r -
perception were letters or words, then preliminary unitization could be based

Fl

on tﬁé physical cué of interitem<spaces, but no such trivialeesolution. is
apparent for spelling pattern units. No simple pattern matching routine will
do since the spelling-to-sour. orrespondenc? depends not only on the position
of ‘the cluster within a séring {e.g., QLHRQK:VS. CKURGL), but also rather
extensively on the surrounding context te.g?, ﬁIﬁgING val SIGNIFY or LEAD A

HORSE vs. LEAD PIPE). WNotably, thé problem of parsing arises for any ‘theory
. e -7 . .
that posits a unit of analysis that is bigger than a letter but smaller_ than a .

. L

.word.

-

An obvious alternative }o perceptual explanations of the word advantage

is the claim that it is produced emtirely within-the response _system. When

the  effect is measured in terms of the_speéd of stimulus identification, the

-

advantage of words over nonwords can be chalked off to response availability

L]

"(Cattell’ 1885b, 1866b; Solomon & Howes, 1951). When the effect is reflected

S

-6 -
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3

by greater identification accuracy for words under tachistoscopic condifions,
1t:ié most sSimply attributeg to response biag: since Words ‘are more irequent,

they are guessed more often. However, Broadbent (1967) has shown that the a

priori probability of guessing the correct word in such situations is far ‘oo

small to accoupt for the effect.

Complex Theories

In  short, it seems that the word advantage can be simply attributed to

neither stimulus perception nor response generation, Yet at least one of
1 <+

these types of explanations must be fundamentally'correct: it must be the

case either that words can get into the system more readily than noﬁuords, or

that they can get out of the system more readily than rfonwords, or both. The

solution to this dilemma has been to posit that the word advantage arises at -

some _inierfdce between _stimulus perception and response generation. These

& -

sorts of explanations can be divided into two classes: sophisticated guessing
. R -

théories and criterion bias theories {Broadbent, 1967)., Within both classes

of theories, letters or their composite featurés are usually accepted as the
unitslggi visual analysi§: Within both, the word advantage is attributed to

the reader's familiarity or, experience with the language. The critical

o

difference between the two is ~that, accgtding to sophistlcéted guessing

theories, the reader's knowledge of the language is purposefully aﬁ‘Iied in
. : : . ' . ~
the process of response generation, whereas according to criterion bias
- . L v ’
models, it pagpivelg exerts its effect during the course of perception.

Sophisticated Guegsing Modela. The basic idea underlying sophisticated

guessing models is ”thab when a graphemic string ip presented for a brief
: - )
duration, only a few letters or parts of letters ,are actually seen. When

b -

- L]
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subjects are forced to identify the stimulus, they must generate their best

guess on the basis of this partial information. They then use the extracted
- 4

visual information to delimit a set of possible responses and, finally, choose

-

from among* those candidates the one that best fits their linguistic

intuitions, There are two basic versions of the sophisticated guessing nodel ,

-
2

cog?esponding to whether the candidate set consists of letters or words.

Ll
>

The first version®of the model, in which the -&ecissl.on process applies to
letter selection, has been elaborated by Wheeler {(1970), According %o this
véraion, the word advantage arises when the subject has been able to extract

enough yiéual information from the stimulus to nave a fair idea of the

" identity of"moét of. its Ietiens. ?he or he then searches tﬂrough the
cand.idaf,e sets for each iet,t,er' with a bias towards out,paut,t,ing a co:;b'inat,i;n
that spells a*word. As an example, , suppose th;t a subject ha; extracted
enough :I.nfor'nlia:t,ioﬁ I‘r‘om‘ the stimulus to know that it has four letters ar;d that
the first is a B, ap or an B, the second is an Q or a ¢, t,“he third is an 4A,.
and the last is alor an I. The only combination of candidates that yields a
word is BOAT, and that: will be the I;refe_r'red response. By concurast,  if the

~stimulus had been a nonuérd, lhe sﬁbject would Qave had no basis for selecting
among the éandidate 'letteréé and the ?robabiizty &f erring would havF been

geometrically:increase'd. In any case, Estes (19;?5)-and Thompson and Massaro

{(1973) have reported evidence that is lethally damaging to this version of the

¥

- % 3
-

In the second and more frequently advocated version of the sophisticated

model . . -t

guessing model, the decision proéess applies to word selection (e.g., Solomon
0 : R
& Postman, 1952; Newbigging, 1961; Savin, 1963; Broadbent, 1967; Catlin,

1969), This version has been most—Tormally and completely stated'by Rumelhart

.
.

-8 -
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]

and Siple (1974). In their formulation of the model, visual analysis focuses,

L -

on components or fraguments of literal features while the features themselves

“

consbituEe the units of perception. Zegardless of the orthographic goodness

”

of a stimulus, the number and distribution of features that are p%ﬁ;eived

depends <strictly on visual parameters such as the size (number of components)

L]

:of thé different features and the duration and signal-to-noise r;bio‘bé the
.(diﬁpl@y. Further, the set of response candidates is determined solely by the
» ?8et of perceived featurgs; any string is eligible provided a critiecal numbqy
"of‘ibs feaghres match those in the perceived sSet and none of them misma?ches.

If no string satisfies this criterion, then the subject's response can only be

9 guided by her or his a priori expectations of what wéuld be presented.

L]

- . .
Otherwise, the subject selects some responise from the delimited set according

to her or his estimates of both ;ﬁe a priori probability that the
corresponding string would be presented and the probability that that string

would yield the perceived set of features. Moreover, the a priori probabiiity

that the subjéct attaches to any given string presﬁmably depends, first, on

the degree to which she or he expects different classes of stimuli and,
secgnd, on er' likelihood of £he string within each of those classes., In

Rumelhart and Siple's study, the stimulus classes were words, pseggonrds, and,
, )

. -
nQ9words, and the likelihoods of a string within each of the respective,

* classes were taken to be subjective estimates of word frequency, positional

bigraii frequency, and the distribution of strings that would be obtained Ey

réndomly sampling letters from the alphabet, one by one, with replacemeni.
’

’

Thus, according to Rumelhart $q2§ Siples' model, “apparsnt differences in
stimulus perceptibility actually reflect nothing more than a response bias

- FEN . A
3 which is jointly determined by the subject's understandiﬁé of the task and his

or her linguistic intuitions. -

-9

1o
<

o




_Report No. 3928 Bolt Beranek & Newman Inc..
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This version ofﬂthe sophisticated guessing model stands up to empirical

- . *

tests' quite well., For example, it conrrectly predicts that, given no bias to

LS

the contrary, high frequency words will be accurately identified more often
N

than low 1frequency words (e.g., Howes & Solomon, 1951‘ Solomon & Postman,
. *

1952; Broadbent, 1967), that pseudowords will be accurately idéatified ,more ’
often than random strings of letters {(e.g., Millef, Bruner, & Postmen, 1954
Gibson, Piek, Osser, & Hammond,h1962 Baron & Thursten, 1973; Spoehr & Smith,

' 1975:’ﬁcCIelland, 1976), and that the differences in the report accuracy of

pseudowords and low frequency words may be relatively small (Baron & Thurstoﬂiﬁ,

-

1973). Further, it correctly predicts that errors in tachistoscopic eccuracy )

L4

‘ tasks should tend to be visually similar to the aotuai' stimulus (Newbigging,'

1961). Finally, inasmuch as the response is determined by the subject's a
M . [ “
pbiori expectations, it correctly predicts that response tendencies should be

sensitive to experimental set (e.g., Aderman & Smith, 1971; Goldiamond &
'Hawkins, 1958; Haber, 1965) and contextual constraints (e.g., Tulving & Gold,

kY

-1963; Morton, 1969), . = Co

.

Criterjon Bias Models. The complex theories tha¥ assert that the word
advantage arises in iite course  of perception {e'.g., Morton, 1969;
Fredé}iksen: 1971; Swmith,, 1971; Treisman, “1971) are basioally variants of
B;oadbent*s'(196f) criterion bias model., Broadbent’s statement of the model

was derived from signal detettion theory. In es8ence, he assumes tﬂgt

o associated'with.ejfh item in the subject'e-response repertoire is a decision

axie. In the absence of . stimulation, ,€Ee value'nof a given item on its

L

- decision axis can_bo described by a normal distribution with gome neutial mean

and spurious variance. The effect of the stimulus presentation is to increase*

.°‘

the-Value of each item on its decision aXis to the degree that it constitutes

¥

- 10 -
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g .
“a physical match with the stimulus information. An item becomes available as

L4

-_____E_BQEEELiai*réﬁﬁEngﬂ;gee”it exceeds the threehol& value on its decision axis.
The word advéntage derives from the assumption that the threshold valge yariea
inversely with the frequency of the item. Thus, unlike the simple perceptual
theories, th%. criterion bias model does not claim that the subject is more
seQeitive DJ higher frequency ELrings, but rather, that sQe or he is .biased to
aceept a more probable stimulus on.the basis of less sensory information.

As deseribed, the eriterion bias model sSounds very similar to a
sophisticated 'guessing model. 1In fact, under certain assumptions, they have
been shown to make equivalent predictions (Nakatani, 1970). However,

1'E.!r-;:.)a"t.abent stresses that the nature of the criterion bias is sueh that it must

be a Q@J{ Of the perceéptual system itselfi Theorists who have attempted to

. explain the origins of such a perceptua) bias have generally relied on the
. concept,6% redundancy (e.g., Wheeler, 1970; Smith, 1971; Manelis, 1974;

MeClelland, 1976).  Smith (1971) has most completely elaborated the workings

4

of such a system.

fccording to Smith’s (1971) feature analytic ‘ model, the.-péreeption of

“both: words and, random letters i3 based on(%:z,eijrggbicn of literal feéturea:

and the diffeyenee in their percephibilipgvi due to Ehe - ways *in——which_ﬁthe,w

featural * information 18~_§Q§l¥283T’ For the identif'ication of individual
iral . i

letters, the‘exsggcteq features are first fed through % bark of binary feature

ta

tests, The outcome, of these tests is then compared to the feature vectors

associated with each of the '26 letters to find the best £it. Hord
ioentificat%on proceedg in exactly the*;ame way except that the outcome of
the featuﬁeir?ﬁgta Tor each letter 13\5;$Lhed against the feature matrices
associated with wgrés, A given word matrix simply conaists of the ordered set

-~

- 11 =
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of feature {;eﬁoraacorresponding éO\the ordered set of letters that spell the

'i
&

word.

—

. The word advantage accrues, from the sequential redundancy of English

orthography. To illuatrate, if the first letter of a word is identified as an
”ﬂ,”the second letter can only be a voWel and the features necessary for its

identification are only those * that serve to distinguish among the owels.

. (] =
Conversely,fﬁf_;he second letter is a particular vowel, there is a limited

" number of ﬂiiternabives for the qirst-letterﬁ It can be seen that when such
*mubual dependencies exist among a11 of the letters of a string, as in a word,
f.&
bhe amount of fcatugal Anfopmation required for its identification may be

-O\.'

subsbantially reduced. By conErast tpc absence of sequential redundancy in a

Ly r

randbm string of letbers means that its accurate idenbificabion depends on a

i

o ea
,..., -

relatively complete encoding of each of ita component letters, Thus,
gccording Lo Smith's featuré analybio model, the word advantage ia not

produced ‘by biased gueasing given partial information, but rather, as in

I —

Brbadbent’s (1967) criterionabias model, oceurs because much "less physical

.

information is needed to deternine the identity of a word than of a randonm

“ sbring of letters. - ) ) i

The criterion bias mgdel can also be adapted to fit many of the data on .

hword recognition. For example, since the leVel of the criterion is supposed

L4

to ‘vary. inversely with ibem freqﬁency (Broadbent 1967; Morbon,,.1969), high

frequency words are expecbed to be more perceptible than low freguency words.

1

Fu"ther, since the qualiby that disbinguishea pseudouords from random strings

of letters is precisely orthographie redundancy, pseudowords are expected to

be more perceptible than random strings of letters. Broadbent (1967) and

Morton (1969) further alaow that the effect of context or other manipulations °
. . i . . oy

o D

ki

T
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of string probability are to prime an item or increase its resting value above

the neutral mean, thus increasing its percéptibiliti. Finally, if in the

¢

eriterion bias model, as in Rumelhart and Siple's (1974) sophisticated

guessing model, perception is .based on preliminary feature extraction, errors
are likewise expected to be visually similar to the~stimulus (Newbigging,
©1961).

Summary !

-~

- ‘ -
Although none of the above classes of hypcthéses is wholly defensible, -

'3

ndhf is who}f; Pfefutable either.. Does_ the recognition process wqu with
single letters, whole words, or“ letter clusters?  While there are sound
" arguments in suppo;t of each of these positroqsL it seems that none of them

is, inﬁitself: adequatg }o explain*thé full range'of phenomena associated with
‘ word recogﬁiﬁion. r;ﬂlmost certainly the écorréct ’explaqatioﬁ involves some
combinatioﬁ of these . possibilities. 'Bué what combination? How are the

different kiﬁds of knowledge represented and how are they interrelatéd? 'ﬂnd

b d - ? - Tt - -
in what manher do they-influence the recognition process? The descriptive
+* - - 2 .

advantage of the sophisticated guessing and criterion. bias models derives

3

primarily from the _fact .that ﬁhey do assume multiple levels of stimulus

procegsing. Even s0, few of the, cg?plex models provide expllcit answers to
o Ead

tﬁese questions, and’ to the extent that they do, there iy little agreement

among them as to what the answers are. " -

—
»

At a generic level, both the criterion _bias and the sophisticated
guessing models seen capable of handling many of the phenomena related t0 word

recognition. The . problem with respect to their defense is that both‘are
1} +

a

capable of handling the Same phenomena. The reason that these two classes of

theories are so difficult - to distinguish empirically is of ecourse that

1Y
»

- 13 -
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redundancy and statistical predictability are the same thing. Thus, any

. h__“yéniéﬁlb“}hap_glbggg_;hg_'gqunaancy_and, by implication, the perceptibility of

< *

a stimulus according to criterion bias models, must' also alter its

o

bredictabilitf or a priori expectancy according “to sophisticated guessing

.

models.

o

R . However, the real theoretical issue is not whether one or the other of
. these models is exclusively correct. Scmething 1like sophisticated kuessing

must be a normal componept of the perceptual process. That is, we are

‘constantly and effortlesily finberpreting situations in which the sensory

- F

information is not sufficient to yield the percept. In these cases, we simply

s -

Fill in the blanks as .seems most pfobable. As an example, the last word of

the phrase, "4 stitch in time saves...," comes quickly to mind despite its

. + 2 -

physical _agsence. The real theoretical issue, then, is whether or not there

B is a perceptual component to the word advantage, and if so, how it operates,

Thg objective of this study was to develop a more complete and coherent
description of the *knowledgé3-andl process€s- involved in skillful word. -

recognition. The purposef of the firsh-experimenb was to establish’ a broad °

¢ empirical base from which we could decide how to "design the subsequent

experiments and aéainst which we could interpret gheir results.‘ The major
i

pﬁrpbse of the secgnd exper;ment was to examine the role of whole-word - and

o

letter cluster patterns in word recognition. Finally, Experiments II1 and 1V
were focussed .on the question of whether the word advantage reflects

.. perceptual fatilitation or ‘whether it can pe adequately explained . by

sophisticated guessing bheoﬁies.
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” o EXPERIMENT I
_ The purpose of Experiment I was to identify some basic aspects_of the
- processing- of -words, pseudowords, and orthogﬁaphically irregular nonwords. To

this end, forced full report accupacy for the three sbimulus classes was

. J—

coqpared across a range of effeative exposure durations through a backward~ -
masking paradigm. The data were examined for evidence of: (a) differencgs in

retention 6f} the three types of sﬁimuli; (b) differences in sensitivity to
the visual information in the three types of stimuli; {c) the -independence ~

.with which™ the componént letters of each iof the types of stimuli are

.processed; {d) whether the coﬁponenb letters of the stimuli were encoded in
series or in parallel; and {e) the frequency .of letter transpositions

associated with the three stimulus types.’

1

# L

Method

e

, Subjects, Sixteen‘paid adults served as subjects. , A1l had ndrmal or

¥

vl

rf"""
corrected-to-normal Vision” tHalf of the subaéﬁks uere assigned to Group I and

o - , «3 -

half to _Gr'eup 11, g < " * Lo

Ay

Annﬁnahnﬁ__and__ﬁahﬁnlalL The stimuli consisted of two lists of 216

quadrigrams. Hithin each list one third of the stimuli uere-worgs, .one bhird

I-'- -

were orthographically regular—pseudouords, and one third were orthographically

:

irregular nonwOrds. The words were selected from the highest . frequency fburhv_u_q,;ﬂ
1 i T
letter types “in Carroll, Davies, and Richman's (1971) .sample of bhird gradera

reading materialﬁ:zmedian frequency = 458/840847). Each wOrd also occurred at
,.s
least 100 times per million according to the Thorndike-Lorge General Norm
R )
(1944) For the generation of both pseudoﬂorda and nonﬂords letters were

sampled according bQ_ ‘their simple frequency of. occurrence in English

- .
»




s

L

Report No,. 3928 . Bolt Beranek & Newman Inc.-

&

(Underuood & ~Sehulzw——4960)rs_.Ihis_was_done_tg_ensure that under._ subliminal

presentation conditions, the pmportion of‘ correctly guessed letters Would be

similar across the three stimulus types. For each pseudoword, ‘the initial
letter was selected according to the probability of its beirg the f‘irst letter

of‘a four letter wd”d and each successive letter was selected so as to
R

maximize The _corresponding positional.bigram I‘r‘equency according to Mayzner

o
L) - L] » L)
4

‘and’ Tresselt's (1965) norm for four letter words. - All pseudowords used were

i

:pronounceable, but none was homophonic with real English words. Examples are

J berm, fint, an_e_, and thew. For each nonword, the initial letter was selected

accor'lf:ling to its simple frequency of ocqurrence in BEnglish, and sthe rest were

selected“such that all positional bigram frequencies were _les3 than one

~ « 1

accor\ding to Mayzner “and Tresselt's - sample. None of‘ the nonwords uas

obvio sly pronounceable. Examples are’ I_Eﬂ IQAC_, B&AI,, and UTSL.

s ) ,Epe two. lists ,of stimuli were comparable in terms of word frequency

‘(L\';ﬁ) = 0,078} and orthographic regularity as measured by the summed

positional bigram frequencies {for words, ,;(71) 0.468; for pseudowords,

we .

--—5(71) 0.}168)_. ‘Further, “the orthographié goodness of the ‘words -and

pseudouorﬂs was comparable uithin both List 1 (5(71) 0.538) and List I

(&(71) = 0 827), to the e‘xtent that there was a dif‘f‘erence, the pseudowords

held bhe advantage. N

Bach 1list of 216 quadrigrams vas sorted into nine blocks of 2i. Within '
_ b ,

each block, there were eight qQuadrigrams of each stimulus type; acr,oss blocks

there were three stimuli of each type in each aerial posi tion. Other:,wi's’e, the

w'n -

: stimuli wer'b ordered randomly within lists. Subjects in Group I reéei\'ed one

list of -stimuli, while those in Group II r°ceived the othér. For half‘ _the
)

Isubjects in each group, the order of the trial blocks .was different and the

order of the stimuli within blocks was reversed.

b

<16 = 4.
L

A
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The stimuli were constructed. from black, lower case, transfer letters
{Letraset Clarendon Hedlum, 42 pt.) mounted on white index c¢ards. Examplés

are given in Figure™ 1. The-quadrigrama subtended a .maximum area of 1,259

"‘g*”‘**‘“vertical"‘by"—g:250‘*horizontal- of visual angle—in the~centen—of—the-viaua1w.

field. Three-pabbern maaks were concﬁcucted by positioning fragmenta of the

characters within an area meaauning« 2. 25° vertical by 3. 2§)horizonta1 of

-

visual angle. The’ fixation poiht conaiated of a white dob centered on a matte

-

f black field. The trials were pr-eaenteq via..\_an Iconix Four'-Field Tachistoscope

at approximate luminancba of 1. 34 lcs fopt lamberta for the atimulua and maak
> ,‘\

- ‘fields and '0.03 for the "fixation. ﬁeld. ' L N

- . F

, .
"Procedure, On each tri'al - the subjfect said, "Ready," when ahe o;' he had
_fixated the fixabion point. Then the experimenter pushed _ the start button
, which reaulted in (1) an additional’ 500 msec of the fixabion field, (2) as

msec presentation of the atimulua, (3} a blank’ inberval (4) a 50 maec

preaenbatién__otﬂ_bheh mask, and..(5)_a return to the fixation field at uhich i

| i

point ﬁhe subject was ﬁc' reapond. The duration of the interval between o

'.

'stimulua offaet and mask onaet waa aeb’at 0 msec for the firat trial of each

block and increased by 3 maec . on each aucceasive brial of bhe block. Thus,

bhe effective emposure duration as°defined by the stimulus onaet aaynchrony

n 1'
(SOA), ranged from 5 maec on the firat‘trial of each block to 74 msec on the

S

24th. The mask was changed after each block of trials.

. 1 .
Subjects were instructed to urite down all four letters of each abimuluse

4

in the correct order on the answer aheetfa-fhey yere inatructed to gueas if

neceesary, with the . stipulation thatqb#an¥s, X's, or any other conatant and

. Te
:' “ . . : - * ' 13
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arbitrary default responses were not hcceptable. Each gdubject was given 7
seriesw-of—zu»prectice trials, followed by the ning. egperimental. trial Qlocks.

A session lasted about 30 minutes.

[

. Besults and Discusgsion

.Tﬁe data were first scored in terms of the number of correctlv_ reported
letters regardless ¢ f“‘pOsition. In~ an effort tovcorrect for—individual
differences in visua; sensitivity, subjects were matched at what was hoped to

~

be a suojectively equal exposure duration. For each subject this duration was
taken to be the briefest stimulus onset asynchrony (S0A) at which she or he .
correctlp reported all four letters of anx:stimulus of gni,type. The accuracy
curves that resulted are shown in Figure 2. The zero point on the abscissa
denotes the first trial of a fu11y correct report»for each subject. Shorter 3
S0A's are denoted by negative numoers onYEh;' .2bscissa, and longﬁr ones ‘by‘
positive numbers. Because of individual differences in the triélef first
‘fully correct report) the points below -9 msec and above +45 msec of ‘relative

SOA represent data from a decreasing number of subjects.
- . - -

The first surprise was that the SOA of the subjects’ first fully‘correct

. reportflooks like a threshold. Prior to this trial there was little evidence

of improvement 4n response accuracy and the functions for the three stimulus
types were substantially'ggprlapping. A split-half comparison of the numbers
’of letters correctly reported at the shorter versus longer negative relative
: Saﬂ's revealed slight but siénificant increase_ in accuracv' with  time
(H(15)=é.5, ‘p<0.05, Wilcoxon test, Bradley, lgﬁé):‘ However, this effect
disappeared when the data fpom -3 msee of relative SOA were ‘excluded'

LY

\ .
/) - 18 -
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(W(14)=34, p>o. 05) " Friedman tests (Bradley, 1968, p. 138) confirmed that

neither the. effeé% of stimulus type (x%(2)= 2 38, p>0 05) nor its interaction

_ustimulusﬁfhnctions ygre,noth_even ,ﬁiﬁferentiable at -3 msec relative SCA

(x*(2)=0.719, p>0.05). L e -

-

By contrast, after the trial oL‘the first fully correct report, accuracy

~ "increased rapidly and the*stimulus cnrves were clearly__differentiated. __The
accuracy data for the proportion of ﬂhe suprathreshold curves that represented
all subjects (relative SOA’s of 0 msec through 45 msec) were examined, through

~an analysis of variance for a 16 X 16 X 3 (Subjects X Relative S0A X Stimulus

- J'

Type) repeated measures deslgn (Hiner, 1371). ' This test yielded highly

—

significant main effects of both stimulus type (F(2,30)=79.23, p<0.001) and
- e T
relative 'SOA (E115 225)= 7H 89, pg?.ﬂﬂl) a significant interaption _

e
- G-

™ .o . H . *a
(F{30,450)=15.05, p<0.001). A Neuman-keuls test verzfied“that report accuracy:

_, - o a

i S
uas significantly greater for words than fornpeeudowords and nonwords, and for~-

-

pseudouords than for nonwords (p<.01). “The interaction reflects the fact that
the stimulus effect Has most marked:at shorter;soprathreshold SOA's; at ‘the

longest S0A’s, accuracy was nearly perfect forlalL stimulus econditions.

-+

i

Ehrssttinsn_ The use of+ a full report procedure carries with it the

-

"concern that differencee in performance may be "due to differences in the

- M

memorability rather than the encoding of the stimuli, Houever, the extent to

which this concern is real can pe assessed from the relation between the—
stimulus effect and exposure duration. The rationale is that, a11 else being
equal the ease of retaining information, once encoded, should depend strictly
on the nature of that information. Further, since whole uords should be

especially easy to retain while whole nonwords should be especially difficult,

- w
v
+ s .

- 19 -
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differences between the memory 1oads associated with the three types.of

stimuli should bs greatest at asymptote. Thus, to the extent that the

stlmulus effect is due to differential fbnéetting, it should be most

—_—
pronounced at longer exposure durations. Conversely, 1f the stimulus- effec:

is most marked at shorter exposure durations, then it cannot be priﬁarily due
to forgetting. Even in this case, an uppeér ~bound ofi “the cortribution of — -

forgetting to the effect can be estimated from differences iﬁ'report accuracy

-

Catagmote. Lo U0 o

Since the.etimulus effect in this . experiment was most. Pronounced at
shorter suprathreshold S0A’s, its primary determinant could not haVe been
differentiélfibfsét§inso Moreover, the convergence of the . three curves at.

" asymptote suggests that differential forgetting contributed minimally, if at

all, to the stimulus effect.

Sensitivity Hypothesis. If subjects are differentially sensitive to the.

LY

visual features of words, pseudowords, and nonwords, then their recognition

thresholds shoufd VEPY aCCOPdiHSI;- As described above, report accuracy did
not differ between stimﬁtus t;pes at negative relative SOA’S. But, compared
to -3 msec relative SOA, all three functions showed significant improvement at
“Oxmsec relative*soa (Wilcoxon test: H(15) = 0 for words, H(14)=2.5 for
pseudowords, ‘and ¥(13)=7.5 .for-‘nonwords, pﬁ,bi): -Thus, —contrary-te{the_”"

e

sensitivity hypothesis, the tgial of %irst fully ecorrect report- seems to

correspond to a :egizt thﬁeshpld fbr all three stimulus typesz

e . If the component letters of a string

were equally perceptible\;na\ rOcessed independently, then, at any given SOA
f - . .

the probabtlitg of correcbly reponting an entire quadrigram. should be equal to

that of correctly reporting four lettérqi\_That is,

L - 2\0 .-
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L]

o

. s
(11 P (Quadrigram) = P, (Letter)
where t refers to the particular S0A. These two probabilities were compareci
through a 16 X 16 X 3 X 2 (Subject X Relative SoA's X Stimulua Type X

Ptp(Quadrigram) vs, Pt(l..etter) ) analysis of variance., It was found that

Pt(Quadrigram) and“‘P“tnettera———dirseped__significantly (F(1,15) = 58.64,

NN () 001)— but -that the nature of the. difi!er,ence j.ntenact.ed with. stimulus._typa e ——

(E(2,30)218.57, <0.001)."" s

..

. P, (Quadrigram) and-P, GLetter) "_é_r'e:*shOM' Figure-3-~for_each. _stimulus._ _ -
type. Whereas Pt(Letter) was signif‘icautly greater than P, (Quadrigram) for

nonwords (L115) = ~3.35, p<0.01) and-_pseudoworqs (£15)=-5.26, p<.01), the

s e e e

Opposite was true for words (L(15)=2. 92, p<. 05). The superiority of‘ :

P(Letter) f‘or nonwords and pseudowords suggests that the comporent letters of‘
.these strings were not. equally perceptible. In fact,. 3..16 'X 3' X4 (Subjects X '
" Stimulis Type X Serial Positions) analysis demonstrated that, in addition to

the fstiiuiua effect *(E(2,30) = 15975 2<.001)," there was a marked serial

poaition ef‘f‘ect (.E(B 45) = 15.75, .2<.001). More specificelly, the probability
qf';‘:correctly reporting a letter was inversely related fo its serial position

in ‘the quadrigram. An interaction between string position and stimulus’type ~
_{F(6,90)=5,89, p<.001)_ ind'icated that _this relationship *was_ _giggif_iicantfy -

atronger for nonwords ‘and pseudowords than for uords. The fact that, for words

-,

P(Quadrigran:) exceeded PtLetter) .dﬁﬁ.nii'& this serial position ef‘f‘ect, standSe

. _és strtmg evidence" “that” their com_ponent -letters are nof prppeggeq )

independently. This nonindependence ‘must “be a major gource of the word
advantage; the question is how it is mediated. o
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1 Several researchers have' interpreted .

serial position effects like the one found here as evidence that the component

-~

letters of graphemic 5trings are encoded serially, from left-to-righf Qe.g.,
Gough, 1972; Spoehr & Smith, 1973). However, such serial position effects can

- also be accomodated by theories that assume parallel letter processing ~(e.g.

Rumelhart, 1970). The Importance of this issue lies in the way the two

different modes of Priovessing-would constrain the kinds of interfacilitation

that might occur between letters. T
Gﬁyen certain conditions, " these two p081tions can be assessed from the

way in which accuracy increases with effective exposure duration.

it

Specifically, if letter encoding proceeds ser.ally, fhen accuracy should’

increase linearly with S04 providing that the component letteré of a string

ére_ encoded independently and that the "mean encoding.time per letter is

F ——

-independent of its serial position. Although the uords in  this experiment

\ ¥
clearly violate the firstu condition, the nonwords and pseudowords do not.

.-

‘Moreover, thb“even decline in the serial position function for nonwords and.

a
"~

B ?l’ - .
Ppseudowords suggests that- they meet the second condition as well; the

proportion of correct responses was .88, -.855, .83, and .80 for sérial

positions 1 through 4, respectively.
In view{ of . this, the nonword and"pscudowgrd functions between threshold
and acchacY were evaluated for linearity. Curve-fitting procedures were ndt

used because of the difficulty of defining an appropriate and unfudgeable

comparison function. Instead, we compared the increase in SO& that each
subjedt todk to get at least half way from his or her subthreshold accuracy

level to 100% accuracy with the increase in SOA that she or he took to get the

1

“rest of the way. To-illustrate, subjects iere shown three quadrigrams of each
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pe of each SOA, so, if a subject: correctly reported 3 or 4 letters from
' .

pseudowords at -3 mseec of relative s0n, then the increase in SOA unbil she or

he first reported at least 8 letters correctly was compared with the increase

in SOA from that point until she or he first reported all 12 letters
. e P! a

correctly. If response accuracy increased linearly with exposure duration,

.thencmtheseuvalués should have been equal. -In fact; subjects- took about—twice
as long to reach 100% from "half" accuracy (21.2 msec for no;words and 15.6
msec for pseudouorﬂs) as +they did to reach "half® accuracy from threshold

SNy wger- for nonwords, and 7 msec for pseudouords) for both nonwords (£015)

TTT———

= 3,32, p<0.01) and pseudowords’ (§f153-:-§—§ET"E§0‘010~the—dlffenence was

H

significant b
x

In short, acefiracy- did not ‘increase linearly with SOA; ahq, by

€

implication, the component letters of the stimuli were not encoded serially.

“Instead, the increase in accuracy was negatively ,accelerated across SOA’s,

which is consistent with parallel processing models.

- Pogitional Acouracv,’ Rescoring the data such that a letter was only

" counted correct if it had been reported in the correct position, produced a
marked change in the subthreshold accuracy functions "(see Figure &),

Sp;cifigally, when report position was takes into account, accuracy .yas no

: _ . . _ .
longer constant, but increased significantly across_ this range (Hilcoxon:tssti._w"

-

. b
¥(16)=9, 2<.01). This trend was still significant when the data from -3 msec
of relative S0A were excluded (Hf13):8 p$.01), That posibional -accﬁracy*
increased across - subthreshold SOA's while letter accuracy did not implies -

that bhe tuo are mediated by separate mechanisms +as has been. sﬁggested by
] ' 5&
_ Finkel (1973) and Estes _(1975). Moreover, this improvement implies that

report accuracy rose above ghance duriﬁg this interval. Since bhé number of

] A L4
L3 . L .
- v

- 23 0.

-
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correctly reported letters regardless of position was rgIatively conséant
across the subthreshold interval, it must have been above chance virtually
throughout . Thin meénn that 0 msec of relative 304 should be interbreted as
the recognition threshold for quadrigrams rather than as a visual recognition.

_ threshdin Der se. Apparently, tne quadrigram réeognition‘phreshold depends, on
—a critical inerease Tot i the, amount of letter information that is ext:ncted,

but in_the amount of positional information that is extracted.

-  _INSERT FIGURE 4

o

At gdbpéthneshéld SOA's, the stimulus effect became much more pronounced

when positional aqgﬂracy_was taken into account. A Subject X Relative 304 X

Stimulus TYPe X Correct Letters ys, Correct Letters in Position (16 X 16 X 3

X 2) ;nnlysis of variance reaffirmed the significanne of rglative SO&
(E(15,225) | = 79 15, p<.001),  stimulus type'(r_(z,ao)& 123,10, p<.001), and
their interaction (EKBO 4s50) = 5,28, 95.5010, and in additiom, revealed
significant effects of ‘positional scoring (E(1,15) = 59,53, p<.001) ‘and j:ts
,interaction with relative SOA.‘(EI15,225) = 11,77, p<.001) ntimuI;s type
.(r_(zj,aa) = 68.63, p,(..001) ‘and both (F_(Iao,uso) = 2,02, pK.001), .

» To-’identit‘y the snurce of the ‘interaction between positio:n~aI accuracy and

‘stimulua type, the differerce peEFeen the number of correctly reported letters
- * . - I .

-~~with—and without -positional 'considerations was assessed through a 16 X 3

. . \ .
(Subjects X Stimulus Type) . analysis of variance, A Newman-Keuls test

4
L4

indicated that the significant effect of stimulus type (Ef? §5) = 39, 92

-

. Pl 001) was almost entirely atvffgutable to the nonwoni condition. Hhereas

I}
positional .accuracy did noé significantly differ between words and

-

" pséudpwords; it was, in either cpse, significantlyvgreater than for nonwords

Al

(p<.001).

i
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~

There are several possible explanations of why the letters of -wofds and

pseldowords should end up in the corréct order more ofteh than . hose of

-

nonwords. First, it 1is conceivable that the perception of letters is
unordered, and that the .subjects order their reportp according to their
® knowl edge of English orthography. ‘However, if this explanation were complete,“‘

then a fair number of pseudowords should have been incorrectly permuted since

*
L]

most of 'them were anagrams of real uords, in contrast, among the completely
ﬂ . - ’
reported pseudowords, all but three sere ordered correctly. - -__,

v A second possibilit is that letter position is generally perceived But

that it is forgotten more easily when ‘not reinforced by orthographic
constraints. However, if this explanation were complete, then the probability

of 1081n8 positional information should have been invariant with SOA, in
contrast, it was increasing. . P - e ;

A third possibility is that _the position of a letter is only encoded
reiative to the positions of the other letters in the string. 'In this case,
positional accuracy should depend on the completeness of stimulus recognition,

_ and, therefore, would be expected to increase with“exposure duration and to

oA
: A0 .
yarylacross stimulus types. Yet, this explanation cannot be romplete either,

T
L}

{ .
since L?Yen among ‘fully reported stimuli, nonwords were far more likely to be

‘misordered (69 sut of 489) than were words (1.0u§ of 806) or pseudowords‘ (3 :
out of 611). The explanation might be salvaged by assuming that the order of

the nonuord letters was especially forgettablo, except that ‘this. assdmption,

Fh

in turi, implies that the tendency to permute the letters of fully reported

&onwords’should not vary with SO&; in contrast, fully reported nonwords were

I,'-; 1 - .

! . o * ¢

*significantly more 1likely to be ordered correctly at longer than at shorter
- * T ) ’ . ' b

-

suprathreshold SOA's (£(15)=4.27, p<0.01).

r )
- 25 U
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Apparently transposétion errors “annot be wholly attributed to either

‘h

'constructive processes ér forgett ng. Rather, the stubborn covarianc of

positional accuracy with exposure. duration” indicates that partoiof Phe

difficulty is due to perceptual limitations: evidently the extraction of
. 4 1 1 .
p031tional information is® a fairly time-couSuming process. '

"Estes (1975} and 'Mcblelaand (1976) have also noted a differential

¥
tendency toward lettern t?anspositions among nonuords. To explain the |
. i )‘? * * - -\

phenonenon, Estes suggested. that ”appreciaﬁle unoertainty attaches to the

. information concerning locatiOn ‘of a character...thaf is entered into

T £
1,

short—tem memory fp. 137),%. and that, jn judging the relative positions of

rs - J LA

characters, individuals supplement the mfallible positional information® with

&

their knowledze of orthographic redundancy. These data support gptesi

J

explanation, but further, suggest a reason for the positicnal uncertainty.
Both the 5ubthreshold and supﬁgthreshold data indicate that‘%he identity and.

positiOn of a character in' an orthographic .sequence do not correspond to

integral perceptual dimensions and that positional information takes

N .
especially long to encodes ~ *. .

s
a-t,

+*

- ’
* ¢t

e Fam
P N
wh . -

. . . .
PO T 5 _

Thc accuyacy fpnctionsufor‘ﬁords, nonwords, and pseudowords were found to

be discontinuous at the SOA -of the first-fully correct report. * Across_shorter

- S0A's, .etter report acpuracyi was relatively poor and constant and did not

Il

differ between stimulus types. icross 10nger SOA’S, report ‘accuracy increased

rapidly and became strongly a§Sociated with stihulus type: words were

reported most accurately, followed by pseudowords, and then nonwords. The 304

K . @
of “the first,fully'correct repont‘was therefore interpreted as a recognition

i i
threshold for quadrigrams. -. Sl

N

b
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The differences‘in report accuracy for Words, pSeudowords, and nonwords
L

‘at suprathresholdl SOA's could be ascribis, to differencss in neither

sensitivitY nor forgetting. However, there was a marked nonindependence among

ta c‘q
HO )

'the ﬁbmponent letters of words that was 'not apparent among the component
1e§;er§ of nonwords or pseudowords. In addition, the probability of subjects’
. rep?rting a letter in itsu éorrect pgaition was found to ;;;end on both
: stimblus ‘type ‘and e#posure durdtion. : It was argu;a that positional

o

information - 1is processed by a separaté mechani sm from item information, and
that the recognition threshold for quadrigrams depends on thq .extraction of a

eritical amgunt,of order “information. - ) A% ‘ )

s '/'
EXPERIMENT -1II ,

- 1

K

. While it iz clear that word-shape cues are not the sole basis for word

P

recognition (Woodworth; 1938), it 1is not clear whether they contribute.

Because of .this ambighity; moat‘;;ﬁériﬂﬁntérs havelﬁsed_uppercase st;muli‘sd
.as to.minimizé*differences in word éhape. ‘To the contfaby, the lower case
“letters used in Exp%riment 1 ;f the present study woﬁid seem to provide ideal
condigions rfor tﬁe efploitation-' of - wholedwsﬂd " eues, Indeed» the
" nonindependence observed among thé letters of words in Experiment I implies

. -

that, in some sense, the .whole word ? s*greater than the sum of its parts.
&
Experiment II examined the extent” to -ghich this- nonindependence is

attributable to the visual patterns of words.
There is c&nsi@erable evidence that distortions of a word's shape are

detrimental _to its perception., For example, words can be processeh more -
4 L

rapidly when they are printed in lower case type than when they are brinted in

| »
i
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-all capitals (Woodworth, _1938’). Processing is even slower .if letter t;;se is’
.alternated within ; word ({(Coltheart & Freeman, 19?“) ' 1f the size of the.
letters varieq\within a word, processing is still slower, regardless. of case
variations (Smith, Lott, & Cronell 1969), Yet, none of these studies reveals -
whether variations in typeface affect the discriminability of words apove and

beyond the discriminability of their component letters.

 Recently McClelland (1976) has obtained evidence ‘bertaining to this

-~

issue. He compared threshold recoédition accuracy for words, pseudowords, and

Lo

nonwords, , printed in lower case, upper case, or mixed (ﬁdﬁer and lower) dase
fonts. He argued that if word perception depends  on preliminary 1letter
identification, as opposed to word-shape cues, then the word advantage should

pérsist even in the mixed case .condition. In fact;.he obtained~a. siénificant

s

word advantage by everi‘ﬁeasure; regerdlese of case manipulations._

3
3

However, when HcClelland'e question is turned around to ask whether the

shapes of words or frequent letter clusters contribute to the word advantage,

14 ot
thes answer is less clear. That is, if the perception of words, pseudowords,
i‘

B

and nonwords were similarly dependent on singld latter identification, then
changes in letter discriminabili;y should have had combarable effects on the
recognizeability of all three, By contrast HcCléfTéﬂd found that mixed case

stimuli reliably resulted in a decrement in recognfiion accuracy for words and

»

pseudowords, but not for nonwords. His-data Lhus” leave open the possibility

-
. %

that the primary effect of case manipulations was to decrease the value of

I‘!~

soffe class of cues which were effective .only for words and Bseudowords in the -

fﬁ:st place -~ the visual patterns of wordg or freqd/nt letter clusters are

*ob ious candidates; °

s

Ay
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A

Wiy Experiment IZ, the subjects and procedure were the same as in

. - e ——

Experiment I except that the stimuli were constructed from a variety of fonts.

-t

" The fonts were chosen to be as diverse as ’posaible, with the -intention of
:maximizing the .necessity of letter-by-letter processing. If the stimulus
. effect in Experiment I.were*partially mediated by’ the shapes of words or
.:f‘requent letter clusters, then it s.hould_‘ be ‘reduced :I.n.‘ Experiment II:
Fpr'ther;'this reduction should .be ‘_at.tribut“able' to a decrement in -report

accuracy f‘or words, and possibly pseudowords, relative to nonwords.

ks
*

4
IS "
- N oy »

. e
i

Syblects, The 1"6 subjects were the same,f%a‘“s in Experiment I. 'The Group’

that had been tested on the first atimulus list in Expeniment I, received - the-

second list in Experiment II, and vice versa.

. §

mmgm% The apparatus and materials for ,Experin{ent I and

(N

II ‘ vere identical exc'ept with ‘res!pect to stim{ﬂ.us construction. For ‘

"

Experiment II, the f‘onts.varied in size, case, and style. The fonts " from .

uhich uppercase letters were selected included ﬂlterrgate Gothic No.2

(Letraset 48 pt.); Arnold Boeklin (Letraset 42 pt.); Blanchard Solid

(Letraset 42 pt.}); Caslon 540 Italie (Ehartpak 36 pt.)}; Century Schoolbook”

. E . ., . N
’ Beld {letraset 30 pt.); ;‘l')avida_ Bold SC artpak 36 pt.); Desdem%ng' Solid

8 . . - -
{Letraset 48 pt.); Hérkules (Letraset 48 At..)‘ Lydian Cursive (Transartype 36 .
I

pt. );"- Micrograma Medium Extended (Letrasz 36 pt.); Mistral (Letrhaet, lIB

pt.); Studio (Transartype 36 pt.); and pper, (Letraset ll2 pt.). The fonts

from which the lowercase letters were~ aAemt’qt\i inecluded: _Arnold Bocldin
(Letraset 42 pt.); Blanchard Solid (ﬁ.etraset 42 pt) Caslon 540 Italig

I(Letr:aset 48 pt.); Clarendon Medium ”(Lc raset 42 pt }{  Futura Medium
: e < .

' ff’}ﬁ
-29 - o
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1

(Letraset 60 pt.){LHauser {Transartype 48 pt.); 01d English (Chartpak 48 pt.}i '
E”la!"bi‘ll- (Letraset ﬁp pt.); Smoke (Chartpak ud‘pt.); Studio {Transartype 36:
pt.); and Zipper (letraset-uz pt.). Three people looked through the letters
" both before and after stimulus construction, any character that was judged to
be “ambiguous or particularly confusable by afiy of these three people was
excluded from the stimulus set, Seript allographs,. like\f -J’ and Jb uere
.. also excluded. During stimulus construction, the characters uere sampled
randomly nitp'the restriction that each character and typeface be represented
nitn_approximately equal frequency across stimulus types and lists. : Examples

"W

of “the stimuli are shown iR Figure 5.

' _INSERT FIGURE 6
B . § .
T -

.

Engcedﬁre.-‘ The procedure was the ‘same as in Experiment I, except that

P

T * .
subjects were informed ‘of and practiced with typographically" irregular

‘stimuli. . o

ts and Discussio

Overall Results, As in Experiment I, the data were first scored in terms

of "the .humber of correctly reported letters regardless of position, aﬁd~

. subjects uere matched at the trial of their first, fully correct report. The
resulting a uracy curves are plotted as a‘function of relative SOA in Figure
6. Because of individual differences in the threshold asyno rony, the polnts

below ~9 msec and above +145 msec repgésent data from a decreasing number of
subjests. . . _ ;o ? .

1&;‘ .
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As in Experiment, I, the three functions appear to:be relatively constant

. ‘ . 5
and overlapping across the subthreshold interval. A .Wilcoxon. test . confirmed
that report accuracy did not“significantly increase at longer subthreshold
" durations (W(th) ='2u, P>.05). Accirding‘to Friedman tests, the differences

between stimulus typcs (Xz(é) 3. 88,!p> 05 and their interaction with SOA's

(x*(2) = 1.16, p<.05) were also nonPignificant within this range.” Thus, the

trial of first fully correct report sLemg be a good index of the quadrigram '

recognition threshold for Experime ti&ﬁ’a well.
The portions of the suprab'resh ld‘/&Unctions that represented all
-subjects (relative SOA's of 0 to 45 seac) uere\Fompared through a 16 X 16 X 3
(Subjects X Re,ative SOA X Stimulus ' pe) repeated measures. analysis of
'variance. The differences betueen stimulus type (E(2, 30) = 85.21, . 001},
the inerease in accuracy with S0A (EI15 225) = 46 36 nS 001), and  their
interaction (EI30 450} = 1.85, n§ 01) ueréhagain significant. '

An intriguing aspect of this experiment”was that most subjects‘remarked

that they could not see the typcgraphic irregularities except at relativelv )

1ons S0A's., At shorter SOA's they- reported an illusion that the quadrigrams

notice * whether - stimull .were printed in-upper, lower, or mixed case §§be has

o

. appeared to be printed in regular, block type. The failure of subjects to -

-

‘been reported by several previous investigators (Coltheart & Freeman, .19?4;_

McClelland, 1976; Pillsbury,.1897). ~ However, in each of those. studies, case
manipulations were either unpredictable. or totally unexpected. In the present
_study, subjects knew that none of the stimuli .were typographically regular.
Yet,- they still insisted that the stimuli "looked" reguiar at shorter SOA's.
This phenomenon seems more compatible uith the vieu that letter recognition

proceeds by matching visual information against ;prototypical letter models in

-
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memory (Gibson, 1965; Posner, 1969), than with the view -that vigual.
Anformation is shuttled through sets of specific feature detectors to obtain

" an amorphous identity (Smith, 1971)

Al .
A92uEEQ11__Exneriment_l_xaA_Exnenlmsﬂt_llr The -probability of correctly
PBPOPtIHS letters durlng the subthreshold interval ‘was significantly greater
for Experiment I than Experiment IT (£{15) = 2, 35, p<.05 althcugh the actual
differénce was only 4.2%. In addition, there was a slight but significant -
increase in the threshoid asynohrony from Experiment I to Experiment II (W(9) ‘

»

.=, 4, D.05). "Both of these effects may have been due to the decreased

&

discriminability of the letters in Experiment II.

—-

The puprathreeho}d report functione‘bebueen 0 and 45 msec of rélative SOE
were compared across experiments through a 16'-x 16X 3 X 2 (Subjects X .
Relative SOA X Stimulus Type X Experiments) analysis. The effects of relativé
SoA  (E(15, 225) " 94.77, p<.001), stimulus type (E(2,30) = 98,99, £<.001), and
their interaction (gxso 450) = 4,97, K. 001) were of ~course highly
significant. The effect of eXperimente was also very significant (EI1,JS)
66.85, p<.001), as report accuracy was generally lower in Experiment II “than
in Experiment I. Because, of the ceiling-effect at longer SOA’s, there was

also an interaction between experiments and relative:SOA (E(15,225) = 2.05,

. p<.05). But',, most importantly, the effect of experiments did not
;\ significantly interact with stimulua type (EI2 30) = 3.19, p>.05). Moreover,
it 1is difficult to argue that there really was an interaction but that it was ,
- concealed bf'ceiliﬂs effects since the interaction’lof. experiments, ‘stimulue
type ;na_relative SOA was also nonsignificant (E(30,450) = 1.14, p>.05).
-t Tﬁo- same pattern‘.of results was obtained_whon the proportione of }u11§

-

reported quadrigrams were compared across experiments. There were highly

L . »

-

- 32 -




~

.
4

i . . H a + i .
Report No. 392$j _' : : Bolt Beranek & Newman Inc.

significant mdin effects of stibulus  type (E(Z,30) < 167.15, p < 0.001),

relative SOA (/1(15 225) £ 64.70," p < 0.001), and experiments (E(1,15) = -

103.83, 001), .and siéhificanl interactions between relative SOAs and
both stimuﬁsehtype“(EKBO 450) = 3, 06, p <.0.001) and experiments (F(15, 225) s
3.9, . p..< 0.001). \ But again, ‘neither - the stimulus type X experiment

interaction (E(2430) = 2.71, n,) 0.05) nor the triple interaction (E(30, ’50) =

. 1.03, n.) 0.05) was sigﬂzficant.

The question rem ns  as to why. these data:’ are discr&pant with .

McClelland’s (19 6) fﬁn close examination the answer seems to be that they
are not. FEach su ect in McCIelland’s study was tested at a single exposure

duration, adjuste%x such that, across all stimuli, his or her report accuracy

L]

.would average betwéen 40% and 60% correct. Judging from McClelland's accuracy

data, his subjects' exposure durations corresponded to relative_Spﬁ’s between

- -

+3 and +6 msec in this study. If we compare our own subjects' performance on .

regular and irregular typographies, within this éxposure inferval, we ‘find,

just _as  McClelland didf that the irregular typography resulted ‘in

significantiy poorer performance on words (%(15)=2.96, p<0.0%) and pseudowords”

(£015)=4.48, n<o_.b1),,ibut not nonwords (£(15)=0.8%, p>0.10). However, in the

context of . the range of exposure durations used in this‘experiment “the

interpretation that, the irregular fonts affected uords . and pseudouords
!

differently from nonwords seems unwarranted. Rather, the more plausible
explanation of these uneven effects is that at such brief exposure durations,

guessing contributes s0 heayily to the nonword performance that it camOuflages
A : | . S

the effect of fonts.
19 ;‘

i . . : N
The .implication of ﬁPese‘analysep is that the shapes of words and" letter

clusters contribute minimelly to the word advantage. If the typographic

.. i
i .
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irregularities had altered the cue value of word shapes, then they should have,

—

. been most damaging to the recognitiOn of 'words. Slmilarly,,if they had

Q

altered the cue value of frequent bigram patterns, then they should have been ‘

¥

more damasing to words' and pseudonor'ds than to nonfu'ot‘ds. “That the typograp_hic

irregularities produced comparable decrements for all three stimulus tybee:

» . L)

strongly suggeets that'their effect. was almost wholly located at the level of
single letter discriminability. Thia- in turn, implies that the recognition

of graphemic strings, regardless of their orthographic goodness, isﬂ.mediated

3 P

by single. letter identification. - T - .

1 - - ¢

Forgetting, Since the performance . of many subjects .did not reach
asymptote *within Experiment II, the contribution of differential forgetting to

the stimulus effect is difficult to estimate. However, sirce the differences.

] <

‘between stimulus types did diminish significantly with increasing SOA,

) forgetting cannot be bited i*::135‘ the sole soureé“nof the stimulus effect.

._“- a .

Moreover, if memory load is primarily determined by the natq\e of the gngnﬂgd

q..

stimulus, then there is nq readon to. expect that differences in neteption

sﬁoulﬂ be more proncunced in Experiment II than in Experipent I.

-

Sensitivitv Hvoothegis. Experiment IT also provided little support for

-

&

the‘sensitivity hypethesis. Ais previously descpibed,bthe accuracy of letter- -

, recognition did not . significantly differ between . stimulus types &t

subthresholﬂ SOA’s. But at 0 msec of relative S04, each of the three stimulus

functions was clearly ahove its subthreshold level {Wilcoxon test Hﬁ!S)\
for words,, ¥(13) = 6 for pseudowords; and H(16) = 21 for nonwords, p,( 05\f

The_féi;ure of the sensitivity hypothesis is;cpnsiatent with the evidence that

‘stimu;ps perception was based on preliminary letter identification.

=¥ .
L3
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lﬂ__2enQ_____gI_LeLLer_Engggggin__ As in Experiment I, the independence

of letter processing was assessed by comparlng the probabillty of. correctlv

1

reporting a whole string, P(Quadrlgram), wlth the Probability of correctlv

- reportins four independent, equally perceptible lettere, P(Letter) s through a

Aw u'

16 X 16 X3 X 2 (Subjects X Relative SOA X ‘St inulus Type X P(Quadrigram) vs..
P(Letter) ) analysia. The difference between P(Quadrigram) and P(Lgtter)
again significant, as were i?s interactions with 3timulus type (%12,30) =
43.86, p¢,001) and relative SOA (E(15,225) = 1.88, 2<05) .~ The ir‘te‘.raction-

with stimulus type is again ihe combined producg'bf a ;engral serial | position

-

effect and a parbicular nbpindependenee among the lettera of words. | Whereas
P(Letter)4 exceeded P(Quadrigram) for both pseudowords (£(15) = -5.99,: p$.91)
and _noawords Ei£15) = ~5.99, P<.01), the opposite was true for wordal(3£$5) =
3;O§, p<.01). Because aeeﬁracy .did not decrease lineariﬁzﬁacross . serial
positions for pseudowords and nonwords (79%, 78%,:73ﬁ, 66% £or positions 1

through 4), none of the data were evaluated. for serial versus paraliel

- a¥

encoding. - . _ . N

.- LI , - -
‘fggiﬁiopal “Agcuracy. As in Experiment I, when -position was taken into
- 4 ;" " ) e
. S o .
account, arreliable-increase iﬁ\\aecuracy appeared across the subthreshold

SOﬁrs%'tﬂéleoxon test : ﬁﬁ1é) = 0, p<.01). This is, again, to be contrasted“

i .. !

with the relative constancy nf the eubtgreshold functions when responses were

- ’
s -

scored regardleé of position. \\ . 2

W

The ‘suprathreshold functione for ;\rq\etly reported letters with and

f\l

without positio al considerations were compared throush a 16 x 16 x 3 X 2

CSubjects X(ﬁéﬁab ve 50A. X Stimulue Type X Correct\Lettere vs., Corract Lettere
. {
in Positioﬂi analysis of variance. In addition to Qhe usually significant

A ' . . .
(p<.001) eff cts of relative SCA, stimulus type, and theiq interaction, the
P . - ™,

’
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effect of positional “scoring (E€1,15) = 188.44, p<.001) and iEd“ﬁmtE;abtiéas

with relative. SOA (F(15,225) = 6.92, p<.001) and stimulus t}ie (r({2,30) =

95.11, p<.001) were ail" highly significant.

- .

-

For each stimulus type, the difference in accuracy with and without

positional considerations was_evaluated'through'a 16 X 3 (Subjects X Stimulus

3

Type) , analysis of “variance. A Neyman-Keuls test indicated that the

sjgnificant effect of stimulus type (E(2,30) = 102,21, p<.001) was again

almost entirely, attributable to the honword cond{fﬁoqk Whereas positional
. . . v Q i ) - ]
accuracy did not significantly differ betweén words and pseudowords, it was

for ei}her of these cpnditions, signifiéantly greater than for nonwords

Al
(]

{(p<.01). ’ -

: L L
The interaction between positional accuracy: and relative S0A again
indicated that positional accuracy increased. with effective exposure .duration.

Because the number of fully reported nonwords was so small, no analyq}s of

temporal trends in their permutation - was feasible. HO“SVBI‘:q across all
. N ‘ « . =

subjects, the proportion of fully reported nonwords that were not p%rmuted

shifted from 0.63 at shorter suprathreshold SOA's to 0.83 at longer
suprathreshold SOA's. _ Thus, as in Experiment I, the suggestion is tha§ item

and positional information are not ‘entirely integral, and that of  the. two,

»>

positional information takes longer bo‘encode.,

L]
L
o =

Summary of Experiment IT : .
\ B A [

_ The ‘typogqaphid irreéularities introduced iﬁ Experiment II produced a

marked reduction in report accuracy. ﬂowever, this decrement did not
significantly differ between stipulus types. Thus, these data do not support

the hypothesis that the word advantage is partiallf mediaﬁéd by visual cues
. (

- -

- 36 -
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corresponding to _ the shapes of words or frequent letter clusters. .Instead,

L

the data converge on the hypothesis that . the recognition of ‘words,,

pseudowords, and nonwords, alike, depends upon preliminary letter

At Ca e

identification. Introspective reports further suggest that Jetter
identification proceéds by matching visual information against memory'models
of prototypical letters. In most other respeots, the results of Experiment II

- qualitatively replicated those of Experiment I.

N

' EXPERIMENT III
The results .of Experiments I and§ 1I resolve many, of _the issues
surrounding the word advantage. However, thé question of whether or.not there

'exists a peroeptual component to the effeot‘was left largely unanswered. On
'z.

the basis of Experiments I.and II, the most thﬁt can be said with respeot to

. % .

the peroeptual faoilitation of ucrds, is that if it exists, it operates above

L

the level of visual feature extraotion. Experimenb III was speoifloally

designed to determine uhether or not peroeptual faotors contribute to the word

advantage. The stimuli _were the .same as i Experiment I, and recognition

- — *

accuracy ﬁas again measured as a funotion of effeotive exposure duration.

Experiment III primarily differed from Experiment I in that the subjeots' task

'

was not. to report each stimulus, but simply to decide whether or not it was a

- * ' .',"
“word . : 5" . .

#
¥

The . premises underlying Expgriment III were, first, that the peroeption«“

of a graphemio string is based on preliminary letter identifioation, aqp

-

second, that the oompleteness of the peroept increases gradually, if

e *
probabilistically, with effective GXPOSPPE duration. It was further assumed

= L

that, on any given trial, if subjects have extracted some critical minimum of '

-
£+
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+ k
iaformation frem the atimuluq, they will knew whether or not it was a word;
&

‘otherwis , they will not,

Thé resulting perceptual situation may be sumﬁarized as:

e

: i-wt

1-pt

No"m}or‘d ' . 1-nt‘
- B . J

» [ »

where ‘“t"pt ’ and nt signify the probabilit.y t.hat a word a pseudowor'd or an
nonwerd, respectively, can be adequately perceived at an effective exposure
duration’df t. The states ¥, H, and ? correspond to‘ the subject's knowing

that. the stimulus was ‘a word,, was nct a werd, or just not knowing,
" ¢ respectively. & ; Ty e g
Jn qp y ) : ) ) f . .

‘I‘hese perceptual states pan be simply mapped into responses as i‘ol}ows.

. ’

' ¢
If a stimulus evokes state.w, thén the subject should respond that it was a !

, B

! el
word, Slmilarly, if a stimulus evokes state H the subject should reépond

that it was not’ ajword. However, whedbvbn_a,btimulus evokes the ? state, the

subject must:gueés. Thus, the response matrix_may be represented as:
. . - i

’
.

. Response ° ‘

-

LW

b

f
: ﬁeault in a word or not-word response is:

i " -38'-!

*
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Word | W+ g1-w,) - f1-g)(1-3,)

} ‘ "
m, Pscudovord 3(1 pt P, *+ (1—g?€1—pt3

Nonword ’ g(3-n.)
t

ny ¢ (1-g)(1ny)

l’ -
? ? . o " 5 el
f

Each individualfs_respdnse bias, g, can be directly taken from her or his

3

subthreshold reeponse distribptions-;where"ut, P.s and n, equal 0, Assuming

»

that this bias 1s constant acroass SOA 8, the values of w P s énd n., can

.

then ~be estimated from her Or his response distribution at each suprathreshold

A
. A

.duration. . .

. n‘ é “ R -
* On first conaideration, it might' seem. that if the atimulua types are
.‘!.,
equally pet ceptible then the values of W, pt’ and n,, should be equal.
i

Houever,‘ the problem ia not that slmple. ir stimulus r*cognition ia based on.

- S T

preliminary letter identification; ‘then n. should exceed both "t and pt. This

K

i3 because the categorization of a nonword can be based on the perception “of

as few as two of ita 13t£er31: By contrast, ﬁhe categorization of both words

- -

and pseudowords depends on virtually complete encoding. NotBably,' the wvalue

of pt may underestimate the: perceptibility of pseudohords to the extent that

they are adequately perceived, but erroneoualy categorized as worda. ﬁlthough
. . + i
. L] N ) ° U ! L]
the” value of py is uninterpretable, the inclusion of ps%uhowﬁrds in the design
. i . L "'. .

was purposeful. if pseudowords were not present, then the categorization of

- w

both words and nonworda could have been based on minimal procesaing. -Inasmuch
.- N

asa pseudoworda 2erved as a: foil for uords, they insured that LA would reflect
the ‘perceptibility of whole words. - ) - ; ﬁ-

o

In'short, the critical comparison _-in --this ekperiment ia between the

valueé, of ‘“t and n,. Unaer the null hypothesia, n, ahould be.equal'to‘br

¥

et

40
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sr-eat.er than w_ at inter'mediate expospr-e durations . If by contrast, ";
]

exoeecls nt, it would con&titute str-ons suppor-t. for the perceptual* facilitat:.on

of uonds.

. [

13

_Subjects. The subjects were eight, paid adults. All had normal or

oorreoted-to-nomél vision. ) ,
mtaﬁm_egﬂ__% The st.imulus set consisted of 150 words, 75

pseudowor'cls, and 75 nonwor-cls. Tt included the 144, words/ from Experiment I,
vlus six new, high frequenoy WOPdS-. | The pseudowords ancl nonwords were
rqndomly selected g‘fr'om those used in Exper'imentu I, The apparatus and
materials’ were otherwise the same as in Exper-iment. I. )

-

b - “

Prégedure, Each subjiet - received 6007 Fforced-choice trials, .equally
a . N ':‘ N q L . .
apportioned across S0A's &f 5, 15, 25, 35, and U5 msec, At each SOA, one half

. . . , . - . o
of the stimuli iere words} ¢re quarter were pseudowords, and one quar-t.er were
‘ndtwords. Tne orders of the stimulf, the stimulus categories, and’ the SoA's

L] . o"

. weie separately r-andomizeTi across. trials for each subject and experiment.al

. . . . )
Ly : f , <!

seasion. . - . '

-
¥ il

The subject's task’ was| to r'eport on every trial whether or not the,

- . £

. stimulus was a wor-cl. He was tolcl that half of the stimuli were words and that

'h
* L 5
ol ot - L

half of f.hem were not. JHe was also warned Ehat some of the nonuords looked

* .

-

ver‘y uch like words, but assui"ed that all of the real words would - be ver-y

. -

t‘amiliap. 1 : . ) . ‘ . _ )

I
Bach subjeot ‘was run {in two’ 1/2 hour- sessions. anh of Ahe 300 stimuli -

.. N

was presented once per :sessilon,. At t.he beginning of each. session, the subject

was given ngué-m-up trials ‘in desoencl.ing order of‘ SOA, as in Experiments I




1
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1and II. After everj 25th tridl, the mask was changed. In all other fespects,‘

the procedure was the'same as in ﬁxperiment 1, Coe e

. d . Results and Discussion
- . }‘“ -
1
The distribution of erroneous responses was analyz?d across sessions (2)

-

"and stimulus conditions {(3), and cnly the effect of stimulus condition
vt . : : .
“(g12,1u)r : 4,83, pgo.oé) was significant. Since there was no significant

L] . -

' difference between sessions in either the nuimber or distiibution of errors,

the data from the two ses3ions were combined, For each subject, the percentage

_of cortect responses is given as a function of 308 and sbimulqs type in Table

2 * ~

1. . . o B

Inasmuch as response accyracy at 5 msec: of SOA ‘Was very close to chance

” :° ‘ - 'v.\r

.(99.85), bhe response distribution at this SOA shouldrprovide a good estimate

-~
o

a,—f" b
ofe, the* base response bias. . According to the model proposed in the -

introduction to this ‘experiment, performance at longer SOA's can only improve,-

i': -

as it eaﬁ« onlchhange as the result of, increaaes inthe amount of perdelved

1 - [
"' ‘ { !’.")a

informabion By contrast fdr five of the eight subjects, performancé .“on
nonwo an& pseudoworc got worse at longer SOA's., 43 this finding can Qn}?
mean that the bias factor, g, was not invariant with time, it .immediately

invalidates the ‘proposed model. If the data are wused to solve for the

parameters in matrix (4], then, mathematically, we get negative perceptibility
’ ¥

values; conceptually, We get nonébpse. aSinge response aocuracy did increase

most rapldly for words, these data might atill be interpreted as reflecting a

perceptual advantage for words."Hdwever, there is an alternative model, based

strictly on response strategies, that fits the data well.

i L3
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L = # 3
)
N

Specifically, suppose that for each soa;" t, there corresponds a

3

probability, O, , that something will be perceived and a probability 1—0; thaf\

nothing will bé perceived, and that these probabilities do not vary with

* .

sti@ﬁlus types, Suppose further, that .whenever nothing is perceived, the

subject simply guesses whether or not the stimuluﬁ was a word, but that

f

" whenewer something is perceived, she or he pursues a strategy of looking for
orthographic violations. If a violation is found, then the subject responds,

"not a word”; otherwise, she -or he responds "word". The effect of this

x

strategy would be'to shift the response bias from some base level towards
, : N .

words with fncreasing SOA.

In matrix formf this perceptual situation can be represented as:

.0 State

- —_—

> Stimuylus ; 0

(5] .' i i 1-0, ] ,v .

" where Sy is a string of type i (ie{word, pseudoword;, nonword}), and the

3

states, .X and 0, designate the perception of. something or nothing;'

-

. respectively.

Similarly, the response selection matrix can be represented as:

»
- ——

State: - W

'
[ N

-
X Ivie Vi
0 g - 1-8

L
,.

where vy v, %he probability of detecting .an orthographice violation in a
] . . : .

-

LY
N

stimulus of type i at an SOA-of t.
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Since the probability of detecting an orthographic 'violation in 'a word,

Y, b1 “‘shoulﬁd- .equal 0, the response distribution at an SOA of 't may be fully

-
.

specified as: ¢ .

Response

o f . . —
Stimulus W . W
o, + (l-otlg (l-Ut) (1-g)

Ut‘u""p,t’ ;l-‘(l—dt)g Vo, ¥ -0, (1-g) -

Op(l-vy ) + Q-o))g OuVn, ¢ * (1-0,) (1-8)

4

\

The ‘values of g, Ut , vp £ and V. . are given for each subject ' in Table
] - T ¥ ’

2. The value of g was obtaingd from the response distribution at 5 msec of
SOA by setting g equal to zero. The value of 8 was then substituted into the

equation beiween the theoretical and cbserved pErfor'mance on words to obtain

o
o

.were 'obta,ined by substituting g and O

. ¢ into thg

g . fFinally, v

-9 aqd v

p, ¢
) X i , )
equations for ‘pseudoword and nonword performance, respectively.

" _INSERT TABLE 2

‘I‘he'probabili'tiq_s of both perceiving "something (Ut) and detecting

. . - : 1 i
orthographic violations® in the perce "i,t) generally increase with S0A as

generally exceeds V is
.Pet

consonant with the orthézraptiic differences between nonwords and pseudowords.

" would be expected. Furéh"er, the“fact that v, ¢
. - -~ ’

Although the entPies for severg}. subjects at 15 msec of S0A ar'e‘ inordinate,
e o] ' : -
imates are not very reliable since performance was so close to chance

[

at this point. To this extent, then, t.t:ge model seems ;quite plausible, .

»‘)”‘ "

However, there are a couple. of ways in which t%'model does not sit well.
'i"irgt, the'\;a'lues of g in Table 2 are puzzling. " Since-subjects were to. . that

half of the stimuli were worfds, it is not clfar why the base-response bias.

. L.

-

-
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should have tended S0 sStrongly towards nonwords. It is tempting to believe

that subjects heeded this warning, since over all trials they divided their
responses more or less evenly between ‘words (54%) and nonwords (46%). Second,

subjects' introspective reports suggested a different explanation for "the
. .~ . response distribution. When asked about their response strategies, ;he§

¥ f?generally replied that the words fpopped out" aé theﬁ_so that if a égimulus

;}jﬁés unﬁlear, they ;ended;to guess;that it was a nonword; if it séemed qleﬁr,
tBey tehdéd to guess that it was a word even if they missed.it.

However giausible the response strategy model might seem, the possiﬁilitf

that words were in f;ct more perceptiGIe th;ﬁ ﬁseudouordé or nonuo}&s cannot

be; ruled out.. That is; uider the response,strategy model, "word" responses
A :

are a default option: they u;ll oceur whenever something is at 1ea§t
partially peﬁcéived but. no orthographic violations are detected. Since words
‘must be orthographically acceptable, partially encoded words Wwill always

. elicit correct responses. However, fully encoded words must also elicit

. ' ®
correct responses. Thus, there is no way to determine how clearly words

actually were perceived in this-experiment. '

~ Summary of Experiment IIT

'] [

-

The purpose of Experiment III was to determine Hheéher perceptibility

differs for words, pseudowords, and nonwords. To this end, subjects were
-4 ) . . . s
given a forced-choipe categorization task in Hpich performance was measured as

\i.function of SOA. Although performance was most. accurate for words, the data

- -
-

‘Were generally consistent with a_ model which assumed “no differences -in

perceptibility across stimulus clasgés. According to this modelffdiffe}ential

accuracy across  stimulus conditions reflects g rgsﬁonse strategy.

L
* %
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Specifically, the categorization of a partially encoded stimulus depends on

whether. or not any orthographic violations afe deppcted. On tﬁe other hand,

k4

subjeceq' introspective reports suggested that words were, in fact, more

perceptible than other stimuli. _Given the possibility ﬁhat word ' responses“

" were resorted to as a default option under conditions of uncertainty, there

was .no way to verify:their.claim.

-

L

.EXPERIMENT IV
@ .

Egﬁerimen; IV was a second attempt to assess the relative perceptibility

of iwdr-ds. As in Experimeﬁ% I1I, the method invélved a'categorizatiop task,

excegh‘tpa; thié?éime guessing was discouraged. The rationale was that if the
_uoqd Eategory served as a default option, then i;s‘advanﬁage should Qibappear
ié?gaegging were eliminated; ' : Lo .

i Speéifiéally, the neééaaity of guessing was removed by é;ving subjects
the optién of saying, "I don't know". The utilityiof guq#ﬁing_ waé minimized
ﬁﬁrouéh a pay-off'mafrix: for each correct response, the subject won oge cent
for éach incorrec;ﬁresponse, she or he lost 5—ceﬁﬁs; and for each noncommittal
reéponse, the subjec£ neither won nor lost any money. According to decision

theo%y (Coomba: Dawes, & Tvérsky, 1970), Ehe acceptability of a gamble depends

on both the stakes and the odds of winning. Since'the stakes did not vary in

this experiment, differences in the probabiliti of gambling should’depenQ'
stricfiy on the odds of winning, whiéhL in tuph, should dgpend ol the ciarity .

of the percepf. The high. risk 6? gambling;§hould induce subjects to commit

N

themselves only when %hey'are'relatively}certain of their response. -

- ¥

o
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This situation may be restated in terms of the perceptibility model

_proposed in the introduction to Experiment III, fThat is, if the subject

reliably responds "I don't knoﬁ“, Hheﬁever the cateSAry of .?heh-item is
ﬁncertaiﬂ, then the r83p5n38 selection patrix ([3]) becomes the ident{#yﬁﬂ
matri;,“éﬁch that the stiﬁulus—responsp relationship is fully spetified Dby
matrix [2]. fThus, in thisssituation, the probability of‘gambiing‘on a given.

. class of stimuli should directly reflect its perceptibility@' Once again, if -

there are no dfffgyenges in the perceﬁtibility of the stimuli; then the value

- of n_ should be greater than or equal to the value of L .

. . « Method . -

Subjects.  The subjects were eight adults with normal or

.

* "corrected-te-normal vision. Each subject was given $0.50.at the beginning of

E] -

a seasion and, in addition, was allowed to keep whatever shé or _he won during

Ly

. the course of the experiment.

)

Apparatus and Material. ' The stimuli and apparatus were the same as in

. Experiment III. .

Procedure. Each subject received 440 categorization trials. There were

44 words, 22 pseudowords, and 22 nonwords at each of the SOA's of 5, 15, 25,

35, and 45 msec. The sequences of stimuli, stimulus categories and SOA's wWere

separately .randomized for each session. Since there were only 300‘stimp11 but

440 trials, almost half of the stimuli of gapﬁ type were presented twice in a

< session; after the first 390'trials, the stimuli were reshuffled.

The subjbct ‘was to respond “word", “hdt a word", or "I don't know" on

every trial; If the subject responded fword” or "not a word® and was correct,

~ 46 -

* 4
° .
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she .or -le was immediately given a penny; if the subject was incorrecgf' five

PSS |

pennféﬁ'uere taken away. When the subject responded "I don't know”;‘ﬁh% or.- he

neither won nor lost _.any money. The first 40 trials were not scbreé; they

Tt

were included to allow subjects” gambling behaviors ‘to stabilize. If }a
subject lost any of the initial $0.50 during these 40 trials, she or-he was

- . - "'/. .
reimbursed. The instructions, warm-up trials, and procedures were otherwise

.

the_same-as_in Experiment III. N ; .o

,Bﬂﬂulsﬁ_and_ﬁiacnSaiQn e

' - e t -
L . l;

1

Errors. The pay-offo matrix proved to be quite effective in minimizing

-~

guessing; only 2ﬂ5$ of the responses were incorrect. These errors were not
Y ,
evenly distributed across stimuluy conditions (E(2,14) = 6.37, p<.05).

Pseudowords were incorrectly catego;ized significantly more often than either
words or ronwords, while the number of errors did not differ between the
.latter two conditions (Newman-Keuls, p<.05).

£

-

The percentage of errors at each SOA 1is shown id Figure 7 for each
sfimulus type. These error aistribptions bear a strong resembl;nce to those
obtained in Experiment III. Spgbificaliy, the. bias seems to shift frbp
nonword toward word responses with increaains‘SbA. As in Experiment III, the
subjects! efplanatién for this was that the words ‘stood out more thaq the
Other -stimuli so tﬁat if a stimulus seemed very olear; tﬁen they tended t&

.~ believe it was a"word even, if they failed toAreqognize it; ir it qéemed fuzzy,

“

they tended to believe it was a nopword.h

Since the first two subjects insisted on knowing what the stimulus had

been when they erred, this was made a matter of policy. This brocedure

- 47 -
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provided additional insight into the nature of | the error responses, For

example, theathree stimuli.ﬂiﬂﬂ, bome, and tive!evoked 47.2% of the erroneoui,

pseudoword categorizations. Subjects tendeda:bQ\ perceive these gtimuli as

wine, home or bone, and five. This suggests ﬁhat a large propartion of the

er'r'or's to pseudowor'ds were due to failures 1n fin\e discrimination.

Under the pressures of this experiment, thel subjects' overt behaviore
; 4 _ } A
became very interesting. Often squects would become adamant about what they

P

. 7 "had "seen"., Sometimes their mistakes revealed impressive transformations of

. \
iﬁe stimuli- The most striking example is probably the subJect who insisted

at he had seen gnow when the actual stimulus was uwos, A very . . common

— -

tendency of subjects was to count the letters of perceived words on their

fingers to.make sure that there were exactly four; if not, they reSponded

"nonuorﬂf.~ It is clear that they found 4t difficult to distinguish sensation
- " l

- from ﬁaliucina_tioﬁ. " . »u./

b . . . " - ."’,7!# ; . .
Perceptibility. The probabilities of gambling diffj#ed _significanﬁly

across stimulus conditions  (F{(2,14) =" .52, Qk 05): 'Subjects were

5,
significantly more likely to accept the gamble for words tdanifor pseudowords

or nonwords whereas the probabilities of accepting the gamble did not differ

between the latter two conditions (Newman-Keuls, 2<.05). Mdreover, the word

advantage held for évery .individual subject. Since Fhe probabilities of

j
accepting a gamble are direct estimates of Wey Ppo andl n., * these results

indicate that words are, in fact, differentially perceptiyle. This conclusion

is especially bolstered by the fact that w. was significantly greater than n,.

The group functions for Wi, Py, and ng are provided in Figure 8.

_INSERT FIGURE 8 -
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Summary of Experiment IV "t

Y

. i
The subjects themselves may have provided the best summary of these

results in claiming that the words "popped out"™ at them. Despite this
{ B O

experiment’s having been denigned to promote a nonwond advantage, every

SUbiécf demonstrated a word advantage. The nature of subjects' errors

':;ndicated that ‘their 'perdepts  were shaped in’ part by top-down‘influencea,""

ipheir kmowledge of words evidently uorked to- organize and supplgment the

lf information _they extracted from the stimulus. Furpher, it may be inferred

t

\‘n

.t .

thaﬂ;the operation of these influences was entirely automatic, in'g}eu of the

*

- de%&%erate routines subjects developed to correct for them. Subjecgs' errors,

'ﬁnfrdspections, and, perhaps moat convincingly, eved the strategy they

r?portedly used for gambling their money indicated that whatever Qhe'

m?chanisma underlying the top~down processes, they affected the very image of

) the stimulus.

GENERAL DISCUSSION

’ . ” "‘-.\‘\! H N
The major resulta of these experiments can be very briefly - summarized.
. . - 0t
First, the word advantage .is evidently mediated, in part, by perceptual as

_opposed to response proceases. Second, in terms . of  basic

*

infprmayion-procesaing pnrameters, the processiﬁh rof wordaf and nonwords
qnpeanéd quite simi;:r; the two major differenées were that .the .component
letters of words, in contrast with those of pseudowords an Elnonwords wer'e-
found to be processed nonindependently, and that the letter? of upnds and

pseudoworda were reported -in their -correct positions moEf often than the

lettera of ponwords. Third, although identity and positional information are

-9 .7 _
S
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Iovioehtiy extracted by separate mechonisms, they exhibit a mutual dépendence.
On one’ hand, analyses of the subthreshold data from Eiberiients I and II
suggested that the. abrupt leap in lotter identification aoouracy corresponding
to O msec SOA was potentiated by the extfaction'of a eritical amount of order
information. .0n tﬁe other ﬁznd subjects* special difficulty with the order
of the letters of nonwords suggests that positional information is quite weak

'at‘_shorter‘ exposure durqtions unless it is reinforced by orthographic

- constraints. The rghaindér of this discussion will be directed towards

fitting these results against the theorotical alternatives considered in the

The.‘fiﬁét set of.efplanations for the word advantage held that the unit
of .perception differed between words and nonwords. More specificolly, it was
hypotoébized " that the perceptual unitslunﬁerlying word reqognition corrospond
to whole words (e.g., Cattell,:jBBGa) or spelling ‘pattorns (e.g., Gibson,
' Pick, Osserh -& Hammond{ 1962{ whereas the. units underlying the berception of
rionwords corroépond to single 1et}ers. If either Of these hypotheses were

AN - .
correct, then the word advantage should have been substantially reduced by the

N —
typographic maniﬁqlations_ introduced in Experiment II. However, the_

distortions in uord~§h§pe in Experiment II were no more damaging to the

benception of words oOr pseudowords than they were to the perception of

nonwords. These results not only refute the perceptual uynit hypothesis, but,

furthef, attest that the i&qntification of words depends very slightly, if at’

"
"

all, on letter cluster or word shape cues. Rather, the fundamental units of

- perception ‘for words, pseudowords, and nonwords alike, are apparently single

.

letters.

1

B}

“
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. Morebver, the results of Experiments I and II indicate that the

‘\~ +

processing of uords, pseudouords, and nonvwords is quite similar at the level

of visual analysis. No differences were found in the temporal order of

. _
feature extraction: the component letters of all three types 'of stimuli were

apparently encoéed in parallel. Similaﬁi}{‘no differences were found in the
spatial distribution oflattention:,it was' generally biased from left to right.
Finally, there uas"no evidence .that people are differentially sensitive to .the
visual features of words, pseudowords, and nonwords. : - Q

- The results of }Experimenﬁs I and II are much more compatible with the

sophisticated guessing models. According to these models, tne parameters. of

the feature . extraction process depend strictly on the visual clarity of the

-

display.’ Thus, the processing of words, pseudouerﬂs, ‘and nonwords is ‘not
expected to differ at the 1eve1 of visual analysis. Further, since literal
features are taken to be the units of perceptlon,: the typographic
irreéularitiesi introduced in Expeqimené I are e;pected te exert a comparable
effect on the ;erceptibiliby of uords, bseu&ouords, and nonuords. Rumelhart
and Siple’ s version of the model addidionally predicts several other aspects
of bhe daba. First, it predicts th%'etisbence of a recognition threshold for .
quadrigrams. Second, it predlcts that the probability of a 'subjecb'

correctly completing a stimulus shouldﬁbe %reater for high frequency uords‘
than for pseudowords, and greaFer Fgﬁ pseudouords than for nonuords. Further,
since the clarity- of the perc%??b isj!supposed toe increase with effecblve
exposure duration, the contribution‘; f guessing is snpposed to decrease;

-
A

thus, the model also predicts that the stimulus effect should be most marked

at shorter suprathreshold SOA‘'s, Finally, since the decision process

Fl

. purportedly operates at the level of word selection for word responses, but at

!
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&

' the 1level of letter selectionv}br pseudoword and nonword responses, the model

predicts‘the_differential nonindependence among the component letters of
_wmﬁstg}. o : e o

In _ general, then, sophisticated guessing models can account for the data

-

from Experiments I and II quite well, But, as was argued in the introduction,
something like sophisticated guessing’' must be a :Lormal aspect of word
recognition. The- issue surroinding such models is, then, whether they can

provide 4 complete explanation of the word recognition process. With respect

n

‘to the results of Experiments .I and "1I, the only serious shortcoming of

Rumelhart"and Siple’s medel has to do with the . perceptibility of pos}tional
information. Since the response selection rules of their model depend heavily
, - . Lt y
on the string position of the perceived features, it is reasonable that the

quadrigram recognition threshoid should depend on the criterial extraction of

.positional information. Ho#ever, it 1is not clear how, without sacrificing
considerable power, the model’could be, accommodated to the evidénce that
positional information is 'not reliably perceived at suprathreshold exposure

durations. In any case, the results of Experiment IV challenge the adequacy

of any sophisticated guessing theory. ; ' ) ///
s‘ ff ’

With respect to sophisticated guessiﬁg models, the design of Experiment

IV was not only intended to eliminate the Jhypothetical source of «the word-

H

‘ advantage but: further, to set up a nonword advantage. That is,¢of words,

i ]

basis of partial infonhation. Whereas distinctions between words . and
. £ a ‘ i '

‘pseudowords depénd on the encoding of all of their letters, the categorization

pseddowords, and nonworde‘ only nonwords can be definitely categoriéed on the,

of .nonwords requires the-identities of as few as two of their letters. Thhs,

-

if the stimuli were equally perceptible, as sophisticated guessing models

]
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assert, then for effective exposure durations’between threshold and asymptote,

nonwords should have been corr ctly categorized most often. By contrast,

’
3t

words were categorized @ost oftem by cvery subject,,khich can only mean that

-
L o o
' :

they were dlffﬂrentially perceptible; - | '
of ?he theoretical exp&anat ons for the ucrd3 advantage that were
considered: in lthe introduction, only the criterion bias model remains. ' The

essence oé>the eriterion bias mpde}'ia}thét high frequency \ugrds should ' be

f . @ .
more perceptible than other graphemic strings despite the fact that people &re

e 1 . i ‘
- no more  sersitive to their visual pr0perties="To this extent, the criterion

bias model is'uniquely compatible_with the results of the present experiments,

However, no specific version of the eriterion bias'model :can wholly acccune

for the data. E .

e

N Both Broadbent (1967) and Morﬁbn ?1959) attribute the word advantage to : rx

.
“ wer

A - >
e P h

/%he existence of word detection units. According t6 both of these. theories, ‘E; g
T

he amount “of 'eensory information « that is required to trigger theqe.pnjts
depends diréctly on. their past frequency of occurrence. 'Thus, high ‘fréquency

i
| words may berperceived on the basis of. rela;ively 1ittle sensory 1nformation. .

Further, Jince the sensory informatiOn is mapped against whole-word codes, the
4

! { obtained nonindepEndence among the component 1letters of words would be

! [wexpected Yet, these tho authors are equally vague as to the ‘mechanisms.that
."f f‘ ""] °
i - mediate the word facilitation: whereas Brcadbent auggests that the rer'terion

is lower for high frequency words, Morton :ﬁ}gesta that the threshold is lower

for Bigh\ frequericy. 'words, Moreover, neither theory can account for the
! 1

. LI 1 ‘
differences in report accuracy between pseudowords and nonHords, or,‘xhe data

-t n

on positiOnal information, or -the fact that the fuﬁdamentar/ units of

perceptiOn seem to be single letters anyhow.

- 53 -
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Sﬂ'th‘ (1971) version‘ ofﬂ the' criterion bias model 1is equally
q, L. . -’
unsatisfactony,i }fﬁohly because it is more explicit. He , tgo, attributes the
s i om ‘, f'»‘.' \\L .
word g&-;lf" pperatlon éﬁ%ﬁ?ﬁhole-word units. Hoiever, unlike
.‘-1 [‘a ;

Broadbent ia967).,and-ﬂuév€on (4969), Smith specifies that these units aoe//'/

composed of or&ered.agraYs|o ;ietter recognition units. In this way, ,Smith'
.“}"" :

t?eory is additio ally codLaQible with both the evidence that letters are the

Ya

x - - ¥ ’ /

=fundamenta1 unitsfof peroeptiéhaand Qith the evidegce that tbe recognition

- threshold for quadrigrams dcpend 'sn the eftraoéipn of a critical amount of

' order’ information. o

PRINERAN 5 ,

Yet Smith's theory 1s af“itsscore, B . wordJshape theory, He assumes
~. 5 Wl oo x< :,w { 5(

that :ooﬁﬁ individual letters and wonds can be analyzed into finite sets of

v

. physical,}features, and thaﬁ perception esséntially consists in pattern

W7
" ~

matchiﬁg“ routines on these features.- The word advantage arises because an

'l "\J’\

acceptable match may be obtained at the wodd level before a sufficient number

of’ features has been encoded to deﬁerM1ne unambiguous matches for all of its

R ‘ % e L)

component letEers had they beLn presented in an unfamiliar arrangement, Smith

\ y»{

recognizes ¢he dependence of this’ theory on word shape and tries, to

accommodate " ‘normal variations,o 1n typestyleo by proposing functionally

n

equi#alent recognition units 1.r distinctly different allograohs, iike A and

C e o1l [

- Smith ooncludes that yariations in typeface should v . interfere with word

r

perception, unless they carry concomitant disruptions in word-shape (Smith,

Lott, & Cronnell, 1969). . Thus, in the coﬁtextlof Experiment II of the present

study, -Smith's tﬁeorﬁ dlso becomes inadequatef' The fonts in Experiment 1II
were chosen to be as diverSe as possible, specifically so that both word-shape -

cues and between—letter feature predictability would .be maximally disrupted.

Even sd, the magnitude of the yord.advantagc did not diminish,

t

i
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What Es needed, then, is some version of the critericn bias model that ig
cabaSIe of explaining the perceptual phenomena supported by theq.present
Experiments. The theory must be” able to explain ike differences in the
identifiability of words, pseudowords, and nonwords, but still maintain that

letters are the units of perceptual analysis. The theory must incorporate the

passive facilitation of word perception without invoking explanations related

to differential sensitivity or supraliteral visual cues. In addition, the

theory should be able, to encompass the positional affects borne out by the -

\preggnt stli_gj._eg;.

L] »

In keeping.wiqi.;he data, let us suppose ‘that. the extraction rof visual
information proceedsfin the same Way for all types of graphemic’strings. More

specifically, the _visual information is extracted from individual letter: in

1

parallel éEstes,? 1975} Travers, 1975; Speriing, 1967), bdut with a
left-to-right bias in attention. This process may be concéptualized according
to Rumelhart's (1970) théor? 'of the .visual encoding of gréphem;c aprays,
e;cept that.it seems inappropriate to quantizé the ,vigual info%matfg; into
discrete featureé. Suppose, instead, that the information extéact?d from each
letter “is: mapped onto internal distributions, which,.- by tﬂeir central

“tendencies, define prototypical 1letters (Posner, 1969?1 In this way, the

. . . y ‘
recognition of Ietters could proceed without any stringent constraints on

thelr physical ﬁonfighrations It mustyiigpfﬁg/;he case that the strength of

the association between the identity of a letter and its position in the

striﬁg only gradually increases with effective exposure duration.

,//;;tably, once all of the Jetters of a string have beep fully identified,
¥ N

all opportunities fon/,ﬁg;;;ptﬁal enhancement are gone. Therefore, if the

-

'visuql information 'éktracted froe words, pseudowords, and nonabrds is

/

-

L
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similarly mappej- onte si:fle,letter units, then any perceptual advantage of

words must be du to'aﬁ;i;ﬁ rential accessibility of the single letter units.

The explanation I uould like to suggest for the perceptual advantage
of words is bas “on an old idea: namely, that\any two 1nternal units that are
repeatedly activated at the same time, will come Lo be associated such that ’
activ tf/// one facilitates activity in the other.i Specifically, I would like-

to/suggest that such associations exist between lnttenmsnecogngtion units.

e

This hypothesis is illustrated in Figure 9. The circlées Ih Figure 9 represent

4

2
letter recognition units, the arrows represent associations betweem them. The
full cireles correspond to units<receiving activation both directly from the
"imulus and 1indirectly through other wunits while . the broken eircles.

correspond to units receiving indirect activatibn onlyoé_ The degree of

3

interfacilitation between units should be determinedhby both the * strength of

*the external input and the strength of their association. Since the latter is

-

presumably a function of the letters' history of co-occurrence, it'can‘be:/

estimated from transitional probabilities; the values given beside the arrows

¥
1

in Figure 9 were taken from Mayzner and Tresselt!s {(1965) norm, The direction

of the arrows does_not constrain the flow of activity but merely indicates the
direction of the transition. For example, ‘in Figure 9A/uhen the A unit
receives input the facilitation of the I unit is weighted by 0.030 for I's o
the immediate left of the A in the input string, and by 0.111 for I's to the -

immediate right of the’ A_in the input string.

—INSERT FIGURE 9

This schema would predict a considerable perceptual advantage of words

and pseudowords over nonwords, espmrcially given that “he extraction of visual

information proceeds in parallel. That is, interfacilitation between the

- 56 -

97
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.] N L “ +*
component letters of words and pseudowords would be mutuval and coincident with

e#ternal input. With reference to the example in Figure 9A, the I, the H, and
| .
wthe A would all be simultaneously receiving direct actlvatlon from the

,h

stimulus and indirect activation from each other. By contrast, fhe activation
1 _ ‘ , )

'

ofﬁthe component letters of nonword strings, as in Figure 9C, would depénd

i . s - : '
al@osb entirely_on external .input; since the transition probabilities betyeen
the adjacent Jetters of nonwords are quite small, their mutuval facilltation

k . _ . - " e s s

muét also be minimal- —

o

1

A further advantage of this schema is tha£ it can explain the differences

£

in’ positional accuracy between words, pseudowords, and nonwords. That is, for
‘words and pseudowords, positional information is-lgrgely'redundaqt with the

interletter gssociatians. Because of this, for words and.pseudowords, missing

N hel

1 -
positionmal information will. be passively constructed, .and weak positional
information will ve reinforced, By contrast, given the ﬁay,the'nonwords were

generated; the strongest associations between their componentd#;thers would
i “ . i ; -

4

most probably conflict with the actuvai positional information. For nonwords, -

i
- ° (.

then, missing p081tional 1nformation will be 1ncorrec*1v constructed, anj/ne-

positional informaticn may suffer interfevence. The implication uiffz;;espect
to Experiments Y and II is that “the accuracy with w@/gh/ﬁbsitional information
was reported was°® probably better K for Egpds’ﬁﬁ& pseudowords, but worse for

nonwords than it -would have been on,xh”'baais of its’ perceptibility alone,
/ -
Even 80, the schema QQesfhot provide ' an adequate foundation .for the

-

re3aulis of the pves/e'n/t experiments, 1In particular, it predicts no advantage -

-

of wor@g,over wellﬁformed pseudowords. In order tg capture the reader's

- . .
’///knﬁﬁledge of words, a second, lexical level of analysis must be included in

the model. This level is represented in Figure 10. The connections between
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‘\“the lexical units and the letter units correspond to the associations between

these uniﬁs. The weighting of these assoclations are supposed to depend on
- ¢

lognormal word frequency and the coefficients are taken from Carroll, Davies,

and -Richman (1971) Standard Frequency Indices._ Like the interletter

associations, the associations betweepn ‘the word and the letter units are
. supposed to-be bigirecbionalf as the individual letter onits receive input,

. - I/‘.’
they will relay activation to all appropriate word units, and as they activate

e ——— —

a_given. _word —unit Itproportionately and reciprocally facilitate the --
letter units corresponding to its component letters. It is significant that

.the word ‘units are not activated directly by the stimulﬁs, buﬁ only

indireectly, bhrpugﬁ the letter units. Because of this, the system, while

being affegted by the discriminability of individual letters, will ' be,

Ls

,0§££gibus to the shapes of whole words. In additioh, if word recognition is

’);,,,/’/a;diated by weakly ordered, individual letter units, then the involuptar}

-

pérmutations of nonwords into words thét were observed in\EXperimgnt IV are to
be expected; in contrast; they would be very diffieult to explain if words

- were. recognized directly and holistically.

M -

*

~

‘The facilitory effect of the lexical units "should result in the

perceptual enhancement of words as compared to pseudowords. Moreover, the

.-

magnitude of the word advantage should.be a function of word frequency. The

existence ' of such lexical upips would also explain the perceptual
Aqnipdependence that was founﬁ among the component letters of words. That is,
if acbifation is eriterially,  even if not uniquely, distributed across the
units corresponding to the coﬁponent letters of a high frequency word, the .
corresponding yord unit should ?e evdkéd, ;esulting in the recognitioﬁ of the

‘ -58 -0
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whole word., HNotably, such an associated lexical network could dlso provide a

* ,1"-..4

perceptual basis for the letten'hallucinations described by Pillsbury (1897)

and reported in the present stydy. . | -
/ |

'

Throughout this paper; we}have been comparing and contrasting data which

were obtainEd through a variety of procedures. The guiding assumption has -

£

peen that although people can adjust their performancs sbrategies—in =S POTISE

to situational demands, .they cannot alter the perceptual mechanisms and
knowledge baseioh"which those strategies-operaté._ Indeed, a basic tactic of

this study was one of deliberately manipulatirg subjects' strategies so as to

vary the perspectiv?s from which we peered into their underlying resources.

The preposed model, however, poiﬁts out a way in' which <the procedures/

!

used in all of these experiments interfered with the perceptual processes

-+ -I
L)

themselyes, Under normal reading conditions, stimulation from the interunit
assoziations may facilitate perception of the ‘sensory information, but shouid

. not*shpplant or override”it., Although the higher order goal of the network is y ‘
: .o LT 4 R R
that of recognizing words, its acti!ity centers on confirmation of the letter

units. fhe letier units are the foei of direct activation from the stimulus

as well as indirect activation from both word units and other letter units in

) the network. The assoeiations have—gheir effect by relaying'a proportion of

the activation a unit is receivingrto otger units with which it frequently
co~oceurs. Where 3uch indirect activation coincides with direct activation,
it may effectiverx:speed stimulus processing; however, where it is at variance
* with-direct activation; .it cannot ultimately ccmpete. In contrast,‘ the
masking procedure wused in these.experiments, mcst have unnaturally and often

prematureiy aborted the direct activatiorn from the stimulus.'_ The effect of

ear1§ imposition of the mask woqld be to disperse direct activation across the

.
-
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letter network such that the most Pronounced pattern of activity would be that
which was sustained by the top-down mechanisms that had already been triggered

by the 3£imulusofi In addition, the influence of these. hechanisms was surely

eiaggérateq by the procedure of requiring subjects to respoﬁd evén when they

insisted that they-had seen nothing but the mask. (Ae an aside, a surprising

-

—numyer,of euch responses were corfect.) while it is 1mportant to recognize

these distortions when extrapolating from these data to the normal reading

situation, it should also be recognized that it was largely because of these

distortions that %2 were able to witness the nature and ;ufomaticity of the

- ¢
reader’s top-down processes . C.

* The Proposed veraion of the criterion bias model is not very different in
_effect from sophisticated guessing models. The word advantage arises because
of ' the FUbjecﬁ'S tendency io fill in the bfénks in accordance Eith her or his
linguistic\expe;ience. The critical difference is that under the ‘criterion

- on

bias model, the process of stimulus impletion is passive -~ it is implicit in
the structure of the memory. The same modef could be used to account . for
sophisticated guessing inasmuch as sophisticated guessing theorfes presume

that - the same sort of information exists in memory. It seems reasonable that

criterion bias models and. Sophisticated guessing models are actually two of a

t

kind, but represent different points on a continpum; that 1is, the only

-

difference between them may .be in how much extra-stimulus informgtion the

¥ b

Tsdbject needs to apply actively in order to arriye at a yespohsef The
s;ructure of this model 1is also apﬁealing in that it almost begs to be
extended upwards “to a lexical meaning ievel, a syntactic level, and so en {see
Adams % Collins, in"pressj. In any cése, tﬁe model seems to do a good Jjob of
explaining the impressive facility with which people recognize words, and does

so in a way that relieves ae hOmunculus from most of the burden.

_1-60-
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Models of Word Recognition

s 2

Table 1

L

. . .
The percentage of correctly categor ized words, psendowords, and nonwords as a

function of stimulus onset asynchrony for each subject in Experiment III.

-

LI

Stimulus Onset Asynchrony

b‘

35

Viord : 3 983
51 Pseudoword : _ 73.3

L4

Nonword - 63.3

Word _ © 10040
52 Pseudoword ", © 90.0
Nonviord ' . -8647

** Word . - ) 9040
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. 0 Wordr o : 100.0
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V‘Models of Word Recognition

Table 2

Estimated values of the parameters, g, Gy vp pr and VL from Matrix [7]}
! !

as a function of stimulus onset asynchrony for each subject in Experiment III.

Stimqlus Onset Asynchrony
|~ 25 35

t

L }‘ o
0.316 | 0.736 0.974
0.633/ 0.321 ~0.735

0.271 - " 0,633
[

0.965 1.000 -
0.657 P 0.9qb
0.82%‘ 0.867

0.409 0.831
- 0.447 ,  0.0561
0.041 01602

/
190.951 1.000

0.683 P.633

0.788 10.900

| f
0.274 1 0.647 0,941
0.060 \ 0.104 / 0.088

0.303 °  0.669 | 0.620
\ H
|

0.397 ' 1.000 1.000

1 . i
0.309  .0.767 ] 0.867

0.862 : ?.933 0.967

!
0.767 01903 1.000
!
0.434 - 0.167 | . 0.405
&
0.173 0.609

-;: 0.779
/(i
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Models of VWord Recognition

Figure Capfions

&

Figure 1, Exémples of word, pseudoword, and rionword stimuli from

L]

Experiment I.

Figure 2. Pefcentage of correctly reported letters for Words ( Y,

=

pseudowords (- ~- ~), and nonwords (—'-.—) as a-function of relative
stimulus onset asynchrony for Experiment I, . ) o

N _ z ‘ ,
» Figure 3. Pthuadrigrgm),( ) and Pt(Letter)J (- - -~ =) for words (O),

pseudoword§ (D), and nonwords (A) in:Experiment I, .

: %
Figure 4. Percengage of letters reported in the correct position for

. d >
words {~——--}, pseudowdrds (—"— —), and nonwords {~ - —) as a function
* ¥ N -
of qelagive'stimulus,onset'asynchrony in Experiment I. -
Figure 5: Examples of the word, pseudoword, snd nonword stimuli from

Expérimené I, oo , "

.Figure 6. Percentage of correct1§lreported letters for words ( Y,
pseudowords (— -~ —), and,nonwords (— - —) as a function of relative

% 4 .
stimulus onset asynchrony in Experiment II. : N

Figure 7. The percentage of erroneous categorization.responsés as a
.

function of gtimulus onset asynchrony for words, pseudowords, and nonwords

- 3
.

in Experiment IV. .

Figure 8, Group perceptibility functions for words (0), pseudowords (0},

F

[

and- nonwords (4), for Experiment IV, y
Figure 9. Schematic of the associated letter network:

Figure 10, Schematic of the associatod lexical network.
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